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The process of C-C bond formation via Directed ort/zo-Metalation (DoM) consists 
of two separate steps. Utilizing fractional equivalents of TMEDA in hydrocarbon 
solvents at 60°C, o-lithiation of anisole and dimethylaniline can be effected in >95% 
yields. The first step in the DoM process involves preparation of solid samples of these 
o-lithiointermediates. Completing the sequence, the second step concerns formation of a 
new arene-derivative bond at the reactive site. For this thesis the arene-derivative bond 
formed is to carbon. Various carbon electrophiles have been studied using different 
solvent systems, and results reveal a possible disconnect between the reaction conditions 
for the formation of the o-lithiointermediate and its subsequent derivatization. Simple 
additions to several ketones produce a wide variety of results when solvated in 
cyclohexane, THF, glyme, or diglyme. The use of CsF has provided questionable 
assistance to certain reaction conditions. Product distribution variations were seen in 
reactions of the o-lithioarenes with tetramethylurea and diethylcarbonate. Unsymmetric 
biphenyl derivatives are also produced via reaction of a benzyne intermediate with the o-
lithioarenes. Some useful Buchwald catalysts can be made by this procedure. It is the 
use of pure o-lithioarenes that permits control of the solvent in various derivatization 
steps, therefore permitting further understanding and manipulation of the reaction 
conditions. 
xiii 
I. INTRODUCTION 
A. Background 
Aromatic substitution processes are utilized in many organic syntheses. This 
chemistry is not only necessary on a bench top scale but is important on the industrial 
scale as well. One of the main goals in the chemical industry is to constantly improve 
upon the existing methods of synthesis. Included in this objective is the study of cost 
efficiency, atom economy, procedural and chemical safety, and ease of isolation and 
purification of chemical products. Amid the many synthetic reactions available for 
aromatic substitution are a very limited number of reactions that replace an arene 
hydrogen. Fewer yet are the number of reactions, which provide regiospecific 
substitution of a monosubstituted aromatic compound. For the past century the method 
of choice in the laboratory and in industry has been the process known as electrophilic 
aromatic substitution (EAS). However, this reaction does not provide regioselective 
substitution of most monosubstituted arenes. The major focus of this Background section 
will be a discussion of directed ortho-metalation (DoM), a protocol that does provide 
regiospecific substitution of an arene at the ortho-position. 
One of the major problems with EAS is the necessity of using harsh reaction 
1 2 
conditions. ' Typical reagents such as fuming nitric/sulfuric acid, Br2, CI2, and AICI3 are 
all toxic and corrosive. Also, depending on the type of directing group used, a variety of 
• 2 3 
isomers are produced. ' Ortho/para-directing substituents produce a mixture of 
disubstituted products, one of which is the ortho product. More advantageous for the 
1 
2 
synthesis of ortho-disubstituted aromaties is the utilization of DoM reactions. The media 
used in DoM reactions are less hazardous than those required for EAS. However, the 
alkyllithium reagents required for such metalations are air and water sensitive. Secondly, 
the DoM reaction eliminates the need to separate ortho-/para- isomer products in that 
only a single product is afforded. Such metalations typically yield products that are 
regiospecificly substituted ortho- to the directing metalation group (DMG).4 
EAS and DoM reactions are not the only arene substitution protocols. 
Nucleophilic aromatic substitution (NAS), halogen-metal exchange, aiyl Grignard 
reagent formation and transition-metal catalyzed coupling reactions also provide 
regiospecific substitution of arenes. However, such reactions involve use of halogen-
containing arene substrates and so do not afford direct replacement of an arene hydrogen, 
thus necessitating the synthesis of the required aryl halides. Only EAS5a,b and DoM4 
reactions do not require this because they directly replace the hydrogen atom on the arene 
ring. The DoM reaction is the only method that provides a regiospecific product by 
direct replacement of an arene H. 
B. History of the DoM Reaction 
The DoM reaction is actually a two-step process (Figure 1). In the first step of the 
reaction, a regiospecific Li/H exchange is accomplished at the site ortho- to the directed 
metalating group (DMG). This intermediate is further reacted with various weak 
electrophiles to afford either substitution or addition reactions. The reaction was 
independently discovered in 1939-1940 by two renowned chemists, Henry Gilman and 
George Wittig.6 They both observed that anisole underwent ortho-lithiation when reacted 
with an organolithium reagent. 
3 
RH |_ J 
E+ = electrophile 
Figure 1. Scheme of DoM. 
Since its initial discovery, the utility of the DoM reaction has grown considerably. 
Roberts and Curtin, also early workers in the metalation field, were the first to suggest 
prior-coordination of the DMG to the alkyllithium reagent in the ortho-metalation 
processes.7 They speculated that the lone pair of electrons on the DMG must become 
coordinated to the alkylithium reagent prior to ort/zo-lithiation to provide suitable 
activation. This assumption was postulated due to their observation that similarly strong 
electron-withdrawing groups lacking lone pairs of electrons to donate into the ring 
provided significantly less activation of ort/jo-metalation. 
As research in metalation chemistry began to grow, more substituents were 
studied for their or//2o-directing efficiencies. The first major class examined was oxygen-
containing substituents on aromatic rings, e.g., ethers, acetals, etc. Later the nitrogen-
containing analogues of these substrates were also examined. In the 1960's, Hauser and 
o 
coworkers made a major contribution by discovering that dimethylbenzylamine and N-
methylbenzamide9 could be ortho-metalated in significant yields. 
Numerous reviews have been published involving specific types of DoM. Gilman 
was the first to write such a review article, summarizing all ortho-metalations through 
1952.10 The review, however, was not very extensive due to the relative infancy of the 
field at that time. Later, journal articles dealing with metalation chemistry from 1952-
1962 were collected by Mallan and Bebb.11 Although these reviews are currently 
4 
outdated, they set a standard for later articles. To date, the most extensive review was 
prepared by Gschwend and Rodriguez.12 This review includes all metalation chemistry, 
excluding ferrocenes, up to 1979. Since then, there have been no recent review articles 
regarding metalation chemistry. However, an article was published in 1990 by Professor 
Victor Sniekus examining metalation of the tertiary amide and O-carboxamide DMG's. 
Actually, the field has become so broad and diverse that it is likely only sections of the 
field will be reviewed at any one time. 
C. The DoM Reaction 
The success of a metalation reaction is affected by a myriad of factors, both 
internal and external. The internal factors include electronic and structural effects 
displayed by the substrate itself, whereas the external factors include the reaction 
conditions used for the metalation system. These consist of four interrelated factors: the 
identity and oligomeric structure of the alkyllithium reagent, effects of solvent, catalysts, 
and temperature. 
The use of organolithiums in organic synthesis has grown considerably in the past 
four decades.12'13'14 An initial reason for its popularity was its use in the rapid growth of 
organic polymer synthesis. The manufacture of alkyllithium reagents, as a result, became 
routine and its use convenient for metalation chemists.15 n-, sec-, and /-Butyllithium, n-
hexyllithium, «-heptyllithium and phenyllithium are only a few of the different 
organolithium reagents available. 
The current reagent of choice among these, however, is n-BuLi. This alkyllithium 
has the capability of aggregating into three different oligomeric structures: dimer, 
16 17 18 tetramer, and hexamer. 0'"'10 Different structures possess different reactivities. The 
5 
solvent/catalyst system utilized is the key in shifting the equilibrium of the oligomers 
towards the most reactive oligomer, namely, the dimer. The emerging hypothesis is that 
the reactivity of organolithium reagents is related to the equilibria of these various 
oligomeric forms, allowing chemists to tailor maximal ortho-lithiation efficiency. 
It is generally accepted that the dimer is the most reactive form of n-BuLi.17b'c 
The oligomeric equilibrium is affected by both the solvent polarity and type of catalyst. 
In ether, the principal solvent used for metalation, «-BuLi exists in primarily tetrameric 
i n 
form , whereas in non-polar, hydrocarbon solvents n-BuLi exists mostly in hexameric 
form.16 However, in neat THF, also an ethereal solvent, rc-BuLi exists as a mixture of the 
dimer and tetramer forms. Stoichiometric amounts of TMEDA in toluene-ds yields 
exclusive formation of dimeric «-BuLi, which can be observed using low temperature 
NMR (Figure 2).19 Consequently, Collum, from kinetic studies, observed a >20:1 ratio of 
dimer formed to any other oligomeric form in toluene-ds when TMEDA is added.20 It is 
inferred that the dimer is therefore the most reactive form due to an observed acceleration 
of metalation rate in both hydrocarbon21 and ether22 solvents with the presence of 
TMEDA. 
Me2N NMe„ 
Me2N 
\ / 
NMe0 
Figure 2. n-BuLi dimer formation with TMEDA catalyst. 
6 
Solvents can also affect metalation in ways other than influencing oligomer 
structure. Conventional DoM solvents are ethers or hydrocarbons. In general, ether 
solvents (diethyl ether, THF, MTBE, etc.) possess lower boiling points than hydrocarbon 
solvents (hexane, cyclohexane, toluene, etc.). From an industrial standpoint, to our 
knowledge, elevated temperature is not used in any process involving metalation 
chemistry. However, higher yields can often be attained by increasing temperature. In 
such instances hydrocarbon solvents are more beneficial due to their greater stability to 
alkyllithium reagents at higher temperatures. Another benefit of hydrocarbon solvents is 
their inertness to alkyllithium reagents. A significant disadvantage of ethereal solvents is 
that they tend to react with such reagents. Stannety and Mihovilovic 23 showed that 
alkyllithium reagents in ether solvents exhibited significant instability, predominantly in 
the presence of TMEDA. In regards to solvent stability, hydrocarbons are more 
beneficial in that they cannot react with the alkyllithium reagents. 
Also affecting metalations are several internal factors induced by the substrate 
itself. One example of such are the steric effects that hinder coordination and/or 
transition state formation of the DMG. Although not as well-understood in metalation 
chemistry as they are in other reactions, e.g., Sn2 reactions, it has been revealed that 
having large R groups on the DMG will reduce the rate of metalation at the ortho-
position24 Bulky groups ortho- to the DMG have also been shown to decrease the extent 
of reaction (Figure 3).25 For example, placing a /-butyl group ortho- to a methoxy group 
affords only 33% extent-of-metalation, which is considerably lower than that for anisole 
under the same reaction conditions. In this situation, it is necessary to note that although 
7 
only one ortho- position is available for lithiation instead of two, the rate of the reaction 
should decrease, but not the extent of metalation. 
71% 
OMe 
OCHMe, 
29% 
OMe 
68% 
32% 
OCHMe, 
OCHMe„ 
OCHMe, 
61% 
CMe. 
OMe 
33% 
CMe, 
OCHMe, 
26% 
Figure 3. Effect of steric bulk at either the ether oxygen or the or/Zzo-position of various 
substituted alkyl-aryl ethers. 
Another internal factor affecting DoM involves electronic effects between the 
DMG and the aryl ring. Two distinct effects are included within this group: a-electron 
withdrawal and 7i-donation. Because the basis of an efficient metalation involves a facile 
hydrogen-lithium exchange, the acidity of the ortho-hydrogen is an important factor in 
the reaction's success. Therefore, the more a-withdrawing the DMG the more electron 
density is pulled away from the C-H bond, thereby facilitating the metal-hydrogen 
8 
exchange.26 Also contributing to the electronic effects is the extent of 7r-donation into the 
ring by the DMG. Here, the coordinating ability of the lone pair(s) of the DMG is 
compromised by the ability of the lone pair(s) to be delocalized into the aromatic ring. 
As the complex-induced proximity effect requires coordination of the DMG to the 
alkyllithium to be strong, 7i-donation into the ring is seen to weaken the directing ability 
of a DMG.27 
Generally whenever an ortho-lithiointermediate is formed, determination of the 
efficiency (extent of metalation) of the process is desired. Because the intermediate is 
not air stable, a trapping agent is employed for product analysis. The choice of trapping 
agent is tailored to the type of analysis chosen. For example, D2O is commonly chosen 
as quenching agent when 'H NMR analysis is performed. When derivative isolation is 
desired, carbonation is often utilized resulting in formation of a solid, base-extractable 
carboxylic acid derivative. If gas chromatography analysis is to be performed, quenching 
with chorotrimethylsilane (TMSC1) is best. For the latter analysis, the product yield can 
be calculated by comparing the corrected GC areas of the starting material and product 
peaks. 
D. Mechanistic Aspects 
Roberts and Curtin7 were the first to investigate metalation reactions with 
substituents that lead to meta- substitution with electrophilic reagents. Meta-directing 
DMG's exert c-withdrawal and no 7t-donation of electron density from an arene system. 
Benzotrifluoride was metalated under DoM conditions producing 48% ortho- and meta-
substituted products in a 5:1 ratio. A competitive metalation experiment carried out with 
anisole and benzotrifluoride with «-butyllithium resulted, after carbonation, in a 40% 
9 
yield of almost pure o-anisic acid. It is clear from the first experiment that the -CF3 
group activated the benzene ring toward metalation. However, the competitive 
experiment results indicate that the influence of a trifluoromethyl group is less than that 
of a methoxy group. The paper attributes the predominately o-orientation observed 
above to initial coordination of the lone pair(s) of electrons on the DMG to the 
alkyllithium reagent. This coordination then aids in metalation by increasing the 
polarization of the carbon-lithium bond of the alkyllithium reagent, also enhancing the 
inductive effect of the DMG. 
Two basic mechanisms reflect the findings of Roberts and Curtin. The first of 
these mechanisms attributes ortho-hydrogen abstraction solely to the acidity of that 
proton. As previously mentioned, the acidity of the or//zo-hydrogen is mainly affected by 
the a-withdrawing capability of the DMG. This "overriding base" proposed mechanism 
is separate from the second mechanism in which a pre-equilibrium complex is formed 
between the alkyllithium and the DMG (Figure 4). This proposed mechanism has two 
basic stages. In the first step, the lone pair of the DMG coordinates to the alkyllithium 
dimer. The coordination complex with the dimer structure for anisole and w-BuLi would 
be of the stoichiometry «-(BuLi)2*A*S2 where S is the coordinating solvent and A is 
anisole. In this example, anisole is coordinated by the lone pairs of the oxygen atom to 
one of the lithiums in the dimer oligomer. In the second step, by applying the complex-
induced proximity effect (CIPE)28, the lithium coordinated to the DMG heteroatom will, 
by agostic interactions, attract the electrons of the ortho-hydrogen bond and exchange the 
or/Zzo-hydrogen for lithium. The exact mechanism, however, is unknown. Nevertheless, 
in both mechanisms butane is eliminated as a side product, and the lithium-hydrogen 
OMe 
insoluble complex 
in hydrocarbon x _
 B l l U 
solvent 
,S 
Li:. 
" l - ' x 
H
 ; OMe 
agostic interaction 
LK 
Li'' 
\ 
0 F,1e Anisole 
Li' 
probable THF 
dimer configuration S 
, Li. 
A 
saturated dimer 
+ other isomers 
s 
(n-BU-i)2 • s 
S 
S = THF 
Figure 4. Dimer-subst i tuent interaction as part of CIPE contr ibut ion to overal l 
DoM1 reaction. A similar scheme can be written for inclusion of TMEDA, 
i — t O 
11 
exchange forms an ort/zo-lithioaryl intermediate.29 It is believed, however, that most 
DoM reactions proceed by a combination of features of both mechanisms. A recent 
article has examined, computationally, all known aspects of the ortho-lithioation 
reaction.30 
On a kinetic basis, McGarrity and Ogle observed, by rapid injection NMR 
experiments, that «-BuLi dimer is at least 10 times more reactive than the tetramer.170 
The deaggregation of the relatively unreactive hexamer to tetramer and ultimately dimer 
oligomer structure is accomplished by coordination of ligands to the lithium. 
Presumably, to become activated by coordination, bond angles must become decreased. 
The hexamer is considered the least reactive oligomeric form because it may be too 
sterically crowded to allow substrate coordination. Therefore, species with the ability to 
bind to hexameric form of «-BuLi can deaggregate the «-BuLi to its most reactive, least 
hindered oligomeric form, the dimer—thus explaining why ether solvents are more 
effective at promoting metalation than are hydrocarbon solvents. Ethers contain an 
oxygen atom with lone pairs of electrons. Ether solvents, therefore, have the ability to 
coordinate to the unreactive n-BuLi hexamer. Thus, tetramer and dimer species are 
produced and, due to less steric crowding, are more likely to become coordinated to the 
aryl substrate. The solvent THF is well-known as the most supportive of all the ether and 
hydrocarbon solvents for DoM. Both rates and extents of metalation are unmatched in 
any other solvent unless an additive such as TMEDA is present. 
THF and TMEDA play a primary role as promoters for generating the more 
reactive forms of «-BuLi in hydrocarbon solvents. These promoters can be used in 
catalytic amounts to shift rc-BuLi oligomeric equilibrium towards the dimer (Figure 4). 
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In the electron-deficient bonding scheme for organolithium compounds, the lithium in the 
«-BuLi dimer is tetra-coordinate. Two of the coordination sites on each of the two 
lithiums are occupied by the butyl anion itself, thus leaving two sites on each of the two 
lithiums open for coordination by a promoter. If the promoter is THF, then the four open 
sites would be occupied by four THF atoms, or («-BuLi)2*(THF)4. If TMEDA is the 
promoter, the stoichiometry of the dimer would be (n-BuLi)2*(TMEDA)2. NMR studies 
by Collum and co-workers31 have indicated the stoichiometry of the TMEDA-catalyzed 
transition state for metalation of anisole is (tt-BuLi)2*(TMEDA)2*(Anisole), an unlikely 
structure in that it appears to be "too saturated." Using more THF or TMEDA than 
stoichiometrically required to saturate the w-BuLi dimer form, or as a solvent, appears to 
be counterproductive in that excess THF or TMEDA would compete with the substrate 
for a coordination site on the dimer. Therefore, it is more efficient to use only as much 
promoter as necessary to enhance reactivity. This approach has resulted in our efforts to 
maximize metalation by use of catalytic amounts of promoter in hydrocarbon media. 
Slocum et al found that by using 3.0 equivalents of THF in n-hexane, metalation 
of anisole by «-BuLi using a 1:1 ratio of reactants could be maximized. When greater 
numbers of equivalents of THF were utilized, lower yields were obtained. Recent 
computational insight by our group reveals that a saturated THF: «-BuLi dimer is, 
relatively, a thermodynamically stable complex. However, to achieve metalation of a 
substrate, prior-coordination of the DMG on the substrate must occur (vide infra). 
These considerations led our group to hypothesize two mechanisms of substrate 
coordination, associative and dissociative coordination. Associative coordination of the 
DMG would behave more like an SN2 process in which coordination of the DMG ligand 
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would displace a THF ligand. Dissociative coordination of the DMG would occur more 
like an SNI process in which the THF would first dissociate from the dimer, followed by 
DMG liganding to the lithium. However, both of these hypotheses disregard the 
thermodynamic stability of a saturated dimer of THF. The ligand interaction between 
oxygen and lithium can best be described by hard-soft acid-base theory (HSAB theory). 
Oxygen and lithium are both relatively hard atoms; therefore, the coordination of oxygen 
to lithium is relatively strong. 7Li NMR data supports this theory by showing a chemical 
shift of the dimeric lithium when THF is added to an existing dimeric species. This data 
is comparable to a N-Li interaction in which relatively soft-hard species coordinate and 
the interaction is not as strong. NMR data supports this thought also by containing a 
broad, unresolved lithium signal of TMEDA coordination to the dimer. The promoter is 
thought to coordinate on and off of the lithium too rapidly on the NMR time scale to 
resolve complexed and uncomplexed dimer peaks. This data demonstrates that once the 
THF promoter complexes to the lithium dimer, dissociation does not occur. Also, once 
coordinatively saturated by THF, the dimer is considered to be maximally stabilized. 
Pre-equilibration studies of w-BuLi in THF help verify this assumption by showing less 
metalation when ra-BuLi is pre-equilibrated with THF promoter than when not. All of 
this data leads us to believe that displacing a THF promoter molecule by another DMG, 
e.g., -OMe, has no thermodynamic advantage and is an unacceptable component of the 
mechanism. Therefore, a modification of the CIPE mechanism is necessary. 
A more recent proposal of metalation catalysis proposed by our group is under 
investigation. Instead of assuming that the reactive rc-BuLi dimer is coordinatively 
saturated, the hypothesis is that the DMG coordinates to a coordinatively unsaturated 
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dimer. This mechanism proposes that as the n-BuLi is being deoligomerized to the most 
reactive form, the DMG of the substrate coordinates before all sites are saturated with 
catalyst. This frame of thought explains many inconsistencies in the literature. First, it 
explains why the maximal equivalents of different catalysts are not the same as the 
saturated promoter:«-BuLi dimer ratio. Also, it explains how a dimeric species can still 
be reactive without violating the laws of thermodynamic stability. The detailed 
explanations of this proposed mechanism are far too numerous to cover in this section, 
but much further insight into this promising mechanism is to be published in the future. 
The primary data from this research, however, suggests that THF, when used as a solvent, 
is less efficient for support of DoM than when used in catalytic amounts. 
As with THF, tetramethylenediamine (TMEDA) was shown to afford the reactive 
dimeric species when used as a catalyst for DoM reactions.22 Bauer and Schleyer have 
also reported supporting data of the catalytic coordination of one equivalent TMEDA 
with one equivalent w-BuLi, proposing a reaction mechanism involving TMEDA 
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complexation of the alkyllithium. In this paper, it is proposed that once two TMEDA's 
chelate to w-BuLi, deaggregating it to dimeric form, one TMEDA chelate disassociates— 
due to it being a poor monohapto ligand—leaving two lithium coordination sites open. 
Here, the DMG lone pair, e.g., the oxygen atom in anisole, could simultaneously 
coordinate to the open dimer along with the agostic interactions between both the Li-H 
the ortho C-H bond electrons. Therefore, anisole could also act as a chelating ligand, 
allowing DoM to occur. 
Although coordination of a promoter to deoligomerize n-BuLi to the reactive 
dimer is not considered by all metalation chemists to provide an increased yield for the 
15 
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DoM reaction, experimental evidence by Slocum et. al. provides further insight. By 
delayed addition of THF promoter to the DoM reaction, dramatic acceleration in the rate 
of metalation was observed (Figure 5). The remarkable change in reaction rate brought 
about by this addition strongly suggests that THF reorganizes the «-BuLi hexamer into a 
more reactive form, in all likelihood the dimer. Other effects such as solvation of a 
transition state structure likely contributes. Both effects are probably important. 
E. Directing Groups 
Directing metalation groups (DMGs) play an important role in effecting 
metalation. There are several characteristics that make up a well-performing directing 
group. One such characteristic is coordinating ability of the DMG.4 The better 
coordination ability of the DMG, the more likely the substrate will successfully undergo 
metalation. Another characteristic of a good DMG is its electron withdrawing capability. 
Highly electronegative groups attached to the ring pull electron density away from the 
ortho-hydrogen, increasing its acidity. The size of the ring formed in the transition state 
is also another contributing factor.15'29 Figure 6, for example, depicts the psuedo four-
membered ring that is formed as anisole complexes to w-BuLi. Although this ring is not 
stable, it may form temporarily as an agostic intermediate, transformed through 
abstraction of the ortho-hydrogen to form the o-lithioanisole intermediate. Numerous 
potential DMG's have been examined in the literature, and many have been found to 
exhibit significant ortho-metalation directing capabilities. The coordination ability of 
DMG's would be a most invaluable study. Slocum and Jennings examined various 
directing groups and experimentally ranked them in order from relatively strongest to 
weakest (Figure 7).33 Other rankings of DMG's have been made, most of which are 
16 
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Figure 5. Effect of delayed THF addition to the metalation of anisole in 
tt-hexanes. 
Figure 6. Formation of a pseudo four-membered 
ring in anisole coordination of the rt-BuLi dimer. 
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to the methoxy group (Figure 8).34'35'36 Because directing groups vary in strength, an 
interesting situation occurs when combinations of DMG's become involved. While little 
is known about two groups ortho- to one another, /?ara-substituents will compete with 
each other for metalation. The stronger director usually, but not always, dictates the site 
of metalation.33'37'38 
o II 
- C H F ^ H R , - SO2NHCH3 j S02N(CH3)2 - CH2N(CH3)2 
> -OCH3 
> -F -CF3 N(CH3)2 - CH2CH2N(CH3)2 
Figure 7. Ranking of DMG's compared to the methoxy group. 
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A 
o 
N(CH2CH3)2 > - OCH3 
-SCH3 
Figure 8. Activating groups as compared to the methoxy group. 
However, DMG's meta- to each behave differently. Early research suggested that 
under these conditions insertion between the two groups was remarkably favored, due to 
the fact that both directors will guide metalation to the same position. Although being 
most difficult under EAS conditions, this pattern of substitution offers a unique 
advantage to the DoM methodology. Saa and co-workers39 depicted an interaction in 
which two DMG's are meta- to one another on the aromatic ring (Figure 9). Here, the 
two directors each coordinate to one of the lithiums in the dimer. Saa termed this 
interaction the "tweezer effect" and computed such structures to be at an energy 
minimum. 
Figure 9. Bis-coordination of 1,3-dimethoxybenzene. 
Other than competitive effects, an increase in rate of metalation is expected due to 
an effect known as opposing-7t-resonance.40 This effect will be evident when both o- and 
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p- substitutents have lone electron pairs. Opposing-7i-resonance results in increased 
localization of the coordinating lone pairs on the two substituents. During electron 
donation to the ring, canonical forms which localize a negative charge at each o- postion 
and at the p- position will be generated (Figure 10). In valance bond terminology the 
electron rich p- substituent will depress the localization of electron density at the p-
carbon due to electronic repulsion. Therefore, electron-donation to the ring by the -OMe 
group will be decreased with the result that the electron density on the methoxy group in 
the example shown is higher than that of anisole itself. In the case of p-chloroanisole (p-
C1A), it is predicted that p-CIA in comparison to anisole should more readily form the 
pre-equilibrium complex and be reflected in a greater extent of metalation. This 
prediction has been observed.41 An alternative interpretation of acceleration provided by 
an e-withdrawing group other than 7i-donation is inductive e-withdrawal. Here, localized 
inductive effects acidify the C-H bond adjacent to the coordinating DMG. This increase 
in acidity would also provide a more rapid rate of metalation. Combinations of the two 
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electronic effects are also possible in that both effects can contribute to the observed 
acceleration. 
F. Metalation of Various Substrates 
In order to fully understand the metalation conditions for various substrates, 
knowing the history of their developments is most useful. A survey of some of the most 
popular methoxybenzenes should be undertaken, starting with the simplest DMG, 
anisole. From there, a synopsis of past research involving alkylanisoles, haloanisoles and 
dimethylaniline will be discussed. 
1. Metalation of Anisole 
Gilman and Wittig6 were the earliest metalation researchers. At 25°C using n-
BuLi in ether solvent, Gilman attained or/7zo-metalated anisole as a major product. 
Wittig used different conditions, refluxing the reaction in ether with a weaker metalating 
reagent. The same result was found. In 1968, Shirley et. at2 repeated the reaction with 
anisole. However, they also reported metalation at only the ortho- position. Finnigan 
and Altshuld43 attempted metalation of anisole in THF, reporting a 49-51% yield. This 
product, however, was trapped by carbonation (reaction with CO2) using dry ice—a 
method in which loss of solid product is potentially high. The same reaction was 
reproduced by Shirley and Hendrix42, reporting a carbonation percentage very similar to 
that of Finnigan and Altshuld (41-55%). 
As researchers began quenching reactions in chlorotrimethylsilane (TMSC1), the 
advantages over carbonation became evident. Crowther et. al reported a 72% yield 
obtained by quenching o-lithioanisole with chlorotrimethylsilane.44 The experiments 
were carried out by addition of 3.1 equivalents of both TMEDA catalyst and «-BuLi at 
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room temperature. After 12 hours, maximum yield in ether solvent was achieved. 
Slocum et al. found that further improvements could be made through addition of 
incremental TMEDA. This approach lead to production of greater than 95% ortho-
product after two hours with 2 equiv. «-BuLi and in ether solvent.40 
2. Metalation of Alkylmethoxybenzenes 
In the early 1950's, Letsinger and Schnizer examined the use of sodium and n-
BuLi to metalate alkyl-substituted anisoles.45 They determined the products of 
metalation of 2- and 4-methylanisole. In both these systems, excess substrate was added 
to an equivalent amount of w-BuLi. For 2-methylanisole, a 12.9% isolated yield of the 6-
carboxylic acid derivative through carbonation was achieved. However, significant 
lateral metalation was also detected. They reported a slightly higher 31.5% yield of the 
2-carboxylic acid derivative in the 4-methylanisole metalation. 2-Ethylanisole was also 
examined. It was found to achieve better yield (33%) of the 6-carboxylic acid product 
analogous than that of methylanisole. Unlike 2-methylanisole, however, no lateral 
metalation was detected in the 2-ethylanisole reaction. 
Before 1995, metalations utilizing addition of TMEDA catalyst were carried out 
with full or excess equivalents of TMEDA. Slocum et al., working with 4-methylanisole, 
demonstrated that by using incremental amounts (0.2-0.5 equivalents) of TMEDA, 
extents of metalation could be significantly improved.40 
Work with 3-methylanisole was initiated by Shirley, Johnson, and Hendrix.46 
They discovered that maximum yield could be obtained in approximately 3.5-4 h 
producing a mixture of the 2- and 6-carboxylic acid products. The carbonated 2-product 
was found to yield a maximum of 21.2%, while 31.8% of the 6-product was achieved. 
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Products from lateral metalation and demethylation were also found in small amounts. 
Shirley published a more extensive paper on 3-methylanisole by 1974, investigating 
various solvents and alkyllithiums.47 Because emphasis was placed on the ratio of 2- to 
6-substitiution, percent yields were not reported. w-BuLi in ether showed 59-61% of the 
total product at the 6-position and 41-39% of the product at the 2-position. n-BuLi in 
cyclohexane produced 90-91% of the 6-position product, while metalation at the 2-
position comprised the remaining 10-9% of product. By replacing rc-BuLi with /-BuLi in 
cyclohexane, a lower ratio (70% : 30%) was obtained for metalation at the 6- and 2-
positions. Lastly, by using TMEDA with w-BuLi, the 6- and 2- positions were metalated 
to the extents of 51-53% and 49-47%, respectively. 
Slocum and Koonsvitsky have addressed the question of steric hindrance to the 
formation of the «-BuLi-coordinated intermediate in alkylmethoxybenzenes. They 
experimented such an effect by adding a bulky /-butyl substituent ortho- to the methoxy 
e 
group. Metalation of this compound in ether produced an average 7.5% yield, 
considerably less than that reported in earlier papers for anisole. The proposed 
conclusion was that the addition of more bulky groups will increase steric hindrance and 
decrease product formation. Shirley and Harmon argued against this conclusion. They 
argued that anisole has twice as many ort/jo-hydrogens for exchange; therefore it should 
afford a higher yield based on a statistical perspective. They originally stated that this 
evidence did not necessarily prove there was any steric hindrance involved; however, 
they later retracted that view.47 Other studies showed that by changing the methoxy group 
first to an ethoxy and then to an isopropoxy group, the formation of the ortho- product 
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progressively decreased.43 Therefore, increasing the size of the alkyl group on the ether 
will hinder coordination to the n-BuLi oligomer, thereby lowering the yield. 
In methylanisole systems, the Bates rearrangement is possible.48 When 
metalations of such arenes are run with superbase (RLi • KO/Bu), a lateral methyl group 
can become substituted with a methyl group. This group comes from the methoxy 
substituent through an unexpected demethylation, which leaves a negative charge on that 
oxygen (Figure 11). This rearrangement, although not very common, will occur most 
often with 2-methylanisole. 3-Methylanisole is less likely to undergo this rearrangement 
than is 2-methylanisole, but more likely to rearrange than 4-methylanisole. 
OMe 
CH, Superbase 
Figure 11. Bates rearrangement of 2-methylanisole. 
3. Metalation of Haloanisoles 
It is important to realize that some side reactions will take place under specific 
metalation conditions when trying to metalate a haloanisole. Fluoro- and chlorobenzene 
can undergo ort/zo-metalation/elimination resulting in formation of a triple bond on the 
aromatic ring, i.e., a benzyne (Figure 12).33,38'49 Though previously thought not to readily 
form benzyne, a recent paper shows that chloroanisole can also undergo this process 41 At 
higher temperatures, benzyne formation is increased to the point of its being the major 
product. Bromine- and iodine-containing molecules do not undergo benzyne formation, 
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but both will quickly undergo a different side reaction known as halogen-metal exchange. 
The halogen-metal exchange replaces the halogen on the aromatic with a lithium atom 
from the alkyllithium reagent.33 
n-BuLi 
> - 60°C 
[ f ^ l 
CI or F 
Figure 12. Benzyne formation of fluoro- or chlorobenzene. 
4. Metalation of Aniline 
Aniline has a primary amine group as the directing metalation group. Nitrogen-
containing substituents inductively enhance the acidity of ort/zo-hydrogens, but the lone 
pair on nitrogen is highly delocalized into the ring.50 However, primary amine protons 
are fairly acidic. This acidity provides the option of the alkyllithium abstracting an amine 
hydrogen rather than the desired ortho-hydrogen, since the hydrogens on the amine are 
more acidic. Because of this fact, aniline is not useful as a DoM substrate. 
5. Metalation of N,TV-Dimethylaniline 
The metalation of N, A^-dimethylani 1 ine (DMA) occurs at a slower rate than that of 
anisole. A reason for the decreased rate is due to ground state derealization of the free 
electron pair from nitrogen (Figure 13). Three of these structures place a double bond 
between the nitrogen and the ring, with a positive charge on the nitrogen atom. This 
resonance effectively decreases the coordination ability of the nitrogen. In addition, the 
added electron density in the ring will lower the acidity of the ortho-hydrogens. 
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Figure 13. Deactivating resonance structures of TV,^-dimethylaniline. 
G. Tables of Literature Studies 
The process of C-C bond formation via DoM consists of two separate steps. The 
first step in the process involves preparation of the o-lithio intermediate. Completing the 
sequence, the second step concerns formation of a new arene-derivative bond at the 
reactive site. In this research, the new arene-derivative bond formed is to carbon. There 
have been numerous review articles regarding DoM reactions. However, the 
shortcomings of these publications are that few of them emphasize the derivatives that 
can be formed at the site of an ortho-lithio intermediate.12'15 A brief review or examples 
thereof the literature involving C-C bond formation derivatizations follows. This review 
is not intended to be comprehensive, but rather to present an overview of metalations and 
derivatives prepared by use of several DMG's. 
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Table 1. ortho- and Lateral Alkylations of Various Aryllithium Intermediates 
Starting Material Lithiation Conditions 
Derivatizing 
Conditions 
Electrophile 
Reagent (E) Product 
Yield (%) 
(Reference) 
MeLi, 
THF, 
-78°C 
E, THF, 
-78°C Mel 63
51 
3.2 equiv. 
s-BuLi/ 
TMEDA, 
THF, 
-78°C, 2h 
1. E, lh 
2. NH4CI, 
warm to r.t. 
Mel Q 1 ^ 9152 
2 LTMP a, 
THF, lh, 
-15°C 
1. E, warm 
to 5°C 
2. NH4CI, 
ether 
Mel 8953 
GT 
OMe 
2 LTMP a, 
THF, lh, 
-15°C 
1. E, -60°C 
to r.t. 
2. NH4CI, 
ether 
Mel 
OMe 
6353 
F 
2 LTMP a, 
THF, lh, 
-15°C 
1. E, -60°C 
to 0°C, 20 m 
2. NH4Cl(aq) 
3. 4MHC1, 
25°C, 12h 
Mel 
^ Y - C H O 
V^CH, 
F 
7853 
^ — v _ / N 
MeLi, 
THF, 
-78°C 
E, THF, 
-78°C EtI 56
51 
NEt2 1. s-BuLi, 
-78°C 
2. MgBr2* 
2Et20 
E, -78°C 
NEt2 
q A 
y l 5 4 
OMe NEt2 1. s-BuLi, 
-78°C 
2. MgBr2* 
2Et20 
E, -78°C 
OMe NEt2 
6X 5554 
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NEt2 
OMe 
1. s-BuLi, 
-78°C 
2. MgBr2* 
2Et20 
E, -78°C 
f T ^ r 
OMe 
NEt2 
8054 
OMe NEt2 OMe NEt2 
OMe 
1. 5-BuLi, 
-78°C 
2. MgBr2* 
2Et20 
E, -78°C 
OM 
I ° 
e 
6354 
OMe NEt2 
M e O ^ ^ 
1. s-BuLi, 
-78°C 
2. MgBr2* 
2Et20 
E, -78°C 
^ x ^ B r MeO 
MeO 
OMe NEt, 
U o 
6654 
«xr° 
2 LTMP a, 
THF, lh, 
-15°C 
1. E, warm 
to r.t. 
2. 4MHC1 
3. NH4CI, 
ether 
rvCH0 
6955 
^ X O O E t 
TMPZn/ 
/-Bu2Li b, 
THF, rt 
E, 
Pd(PPh3)4, 
THF, rt 
Phi 0 
^COOEt 
^ P h 
5856 
See end of Table 3 for footnotes. 
28 
Table 2. Carbonyl Addition Derivatizations via Aryllithium Intermediates 
Starting 
Material 
Lithiation 
Conditions 
Derivatizing 
Conditions 
Electrophile 
Reagent (E) Product 
Yield 
(%) 
(Reference) 
CI 
1. Lawesson 
reagent 
toluene 
2. 2.8 w-BuLi, 
THF, -80°C 
Warm to r.t, 
E 
[CH20]ne 
an 
HO 
4157 
ccr 1.1 LDA d, THF, 
-78°C 
E CH3CHO ca; 
OH 
7858 
CO* 1.1 LDA d, THF, 
-78°C 
E CH3COCH3 ca; 
OH 
7858 
(7° LDA d, THF, 
-78°C 
E, THF, 
-78°C 
0 
A & N 2859 
V 
Si(,-Pr)3 
1. n-BuLi, 
Et20, 
-78°C, 
15min 
2. 24°C, 5h. 
3. -196°C 
1. E, 24°C, 
12h 
2. CF3COOH 
0 x 
C F 3 ^ C F 3 
CF /CF* 
c f 3 V ^ / C F 3 
V 
si(/-Pr)3 
1060 
V^^OMe 
4(n-BuLi / 
Me2N(CH2)2-
OLi) 
hexane; 
0°C; lh 
1. E; 0°C; lh 
2. H20 
0 A/ 
OH 
7461 
MeLi, 
THF, 
-78°C 
E, THF, 
-78°C 
0 A. Et E t — A - O H >0<> 7651 
29 
S ^ N E t 2 
Or0 N 
LTMP a / 
THF, 
-78°C, 
30min 
E (slight 
excess) 
\J s < Y " N E t 2 
OH 
9162 
Xv fj ' s-BuLi / 
TMEDA, 
ether, THF, 
-78°C 
E, -78°C,3h 
OH 
9663 
s-BuLi / 
TMEDA, 
ether, THF, 
-78°C 
E, -78°C,3h PhCHO 
O , 
p h 
OH 
8652 
>c!K=> MeLi, THF, 
-78°C 
E, THF, 
-78°C 
PhCHO 
OH 
P h — ( 
8351 
CN X TMPZn-t-
Bu2Li b, 
THF, rt 
E, rt PhCHO 
CN OH 
9656 
CCra 
1.1 LDA d, 
THF, 
-78°C 
E PhCHO O^^ OC^PH 
OH 
8958 
OCH,CH,OH 
6 2 n-BuLi, THF E PhCHO 
OCH2CH2OH 
r r V ^ P H 
[ 1 1 0 H 64
64 
30 
OCH,CH,OH 6 n-BuLi, THF 1. E, THF, 0°C to r.t, lh 2. H20, 
CH2CI2 
H C 0 2 E t 
OCH2CH2OH 
( A J 4 R C H 0 H S964 
p y 0 
F 
n-BuLi, 
THF, 
-50°C 
E, THF, 
-10°C 
O H C — — - C I 
l g 6 5 
OCH,CH,OH 
6 2 equiv. n-BuLi, THF E ^ . 0 ( C H 2 ) 2 0 H 5964 
LDA d, 
THF, 
-78°C 
E, THF, 
-78°C 
Ph PH^WOH 
o° 
N 
6559 
See end of Table 3 for footnotes. 
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Table 3. Carbonyl Substitution and Related Reactions of Various Aryllithium 
Intermediates 
Starting 
Material 
Lithiation 
Conditions 
Derivatizing 
Conditions 
Electrophile 
Reagent (E) Product 
Yield (%) 
(Reference) 
MeLi, 
THF, 
-78°C 
E, THF, 
-78°C DMF ^VO 5251 
S ^ N E t 2 
Cf 
s-BuLi / 
TMEDA, 
THF, lh, 
-78°C 
E DMF 
S ^ N E t 2 
cc 3062 
OCH-CH.OH 
6 «-BuLi, THF E DMF 
OCH2CH2OH 
5164 
o V 
1. Lawesson 
reagentc, 
toluene 
2. »-BuLi, 
THF 
E DMF 
CHO 
8457 
C^^OMe 
4(BuLi / 
Me2N(CH2)2 
OLi) hexane; 
0°C; lh 
1. E; 0°C; lh 
2. H 2 0 
O X 
C I ^ ^ N E t , Bu-. J l N OMe 
0 
6561 
9 V 1 
1. Lawesson 
reagentc, 
toluene 
2. «-BuLi, 
THF 
E PhCN 
COPh 
6657 
0
 k A J 
s-BuLi / 
TMEDA, 
THF, -78°C 
E Me2NCOCl J v n X
 N
 \ 0
 ^ ^^  
Me2NOC ^ ^ 
?066 
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S y N E ^ 
cr 5-BuLi / TMEDA, THF, lh, 
-78°C 
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c. Lawesson's Reagent: 
// \ l - s 
d. Lithium diisopropylamine 
e. Paraformaldehyde 
H. Derivatization 
1. Addition Reactions 
The reaction of an o-lithioarene with various aldehydes and ketones is a 
recognized route to synthesizing a range of alcohols. While an or^/zo-lithiointermediate 
acts as an excellent nucleophile for these addition reactions, these intermediates can react 
as bases as well. In most reactions there is no cause for concern, but with the use of 
carbonyl reagents as electrophiles, the potentiality for a problem can be present. Ketones 
possessing enolizable hydrogens a to the carbonyl carbon often cause a decrease in 
condensation yields as a consequence of the inherent acidity of these hydrogens.69 It has 
been realized that analogous reactions of non-enolizable aryl aldehydes afford much 
higher yields. The decrease in yields with enolizable aldehydes or ketones is attributed to 
accompanying self-condensation side reactions of the carbonyl compound due to the 
strong basicity of the aryllithiums. 
Studies by Harvey et al note a substantial enhancement in the yield observed in 
the reaction of enolizable ketones with various substrates when the hydrogen atoms a to 
the carbonyl group are replaced with deuterium.69 This partial suppression of enolization 
pathway was one of the first performed. However, converting the a-hydrogens of the 
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ketone to deuterium atoms and then converting the deuterated product back to hydrogen 
atoms does require extra synthetic steps and reagents. Extra caution in handling 
deuterated materials is also required. 
2. Carbinol Derivatives 
Alcohol derivatives, in general, have a vast array of uses in many areas of science. 
Gaining popularity among the alcohol derivatives, however, is the utility of symmetric 
carbinol compounds. The rational design and synthesis of ligands capable of forming 
stable transition metal or lanthanide complexes have attracted significant of attention due 
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to their potential application as probes. One such example of this type of ligand is 
tris(2-pyridyl)carbinol.70,71 This symmetric carbinol is unique in that complexation of 
lanthanides such as Eu(III) or Tb(III) is realized via luminescence analyses. This 
carbinol has also been used as a synthetic precursor, being easily converted into esters, 
halides, or ethers. A wide range of functionalized tridentate ligands is provided by the 
use of this precursor to chelate to lanthanides.71 However, due to the oxophilicity of a 
lanthanide ion (hard acid-hard base interaction), an oxygen donor ligand has been 
mentioned to be superior for strong complexation of lanthanide ions.70 Therefore, 
synthesizing oxygen analogues of this ligand could prove extremely successful for use as 
a lanthanide probe. 
3. Synthesis of Ketones 
Diaryl ketones have great synthetic utility to the DoM reaction in that they act as 
excellent electrophiles for derivatizing lithiated intermediates into substituted alcohol 
products. One example of such is the common use of benzophenone as a DoM 
quenching agent.59'64 Diaryl ketones are also useful in that no a-hydrogens are present to 
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hinder addition reactions with self-condensation side products.69 Synthesis of a wide 
variety of benzophenone derivatives would prove useful in synthetic reactions involving 
DoM.72 
4. Aryl-Aryl Bond Formation 
Transition metal-catalyzed cross-couplings of aryl halides and aryl organometallic 
nucleophiles have grown considerably as an efficient method for biaryl formation.73'74 
Biphenyl compounds have proven valuable in many aspects. They occur in several 
natural products, an example would be alkaloids. Also, biphenyls are used in many 
pharmaceutical and agrochemical specialty chemicals as well as in commercial dyes. 
Others function as organic conductors and semiconductors, while some derivatives find 
uses as selective ligands for asymmetric catalysis (e.g., BINAP). 
Aryl-aryl bond formations have been known for the past century as one of the first 
reactions performed involving a metal. The reaction, designated as the Ullmann 
coupling, utilized a copper metal melt. Since this initial approach, several modern 
methods of biaryl synthesis have been presented in the literature, providing both 
symmetric and unsymmetric couplings. While each method may have its own unique 
advantage, all have their limitations as well. 
There are a myriad of reactions manipulating biaryl couplings that have been 
extensively reviewed in the literature.733 However, due to the vast array of methods 
available, only a few select methods of synthesis will be discussed. The four main 
methods used for biaryl synthesis are (1) the Ullmann coupling, (2) the Kumada-Corriu 
reaction, (3) the Stille reaction, and (4) the Suzuki synthesis. 
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The Ullmann coupling, discovered in 1901, involves treatment of aryl halides 
with equivalents of copper at temperatures greater than 200°C.75 A carbon-carbon bond 
between the two aryl groups is generated, forming a symmetrical biaryl and a copper 
halide. An example is shown in Figure 14 in which the product formed is used as an 
inorganic ligand with high stability in acidic media.76 However, the limitations are 
significant. First, high temperatures are necessary for the reaction to proceed. Also, 
unsymmetrical biaryls cannot be prepared with this method, only symmetrical products. 
Finally, conventional electron-donating o/t/zo-substituents prevent reasonable yields. 
Figure 14. The Ullman Synthesis.75 
The early synthesis of biaryls was extended by the use of Ni(II)-catalyzed 
11 75 1Q 
couplings reported in 1972 by both Kumada ' and Corriu. This synthesis involves 
cross-coupling of an organomagnesium halide with an aryl halide to form a biaryl. The 
reaction is useful in that both symmetric and unsymmetric biaryls can be produced. 
Figure 15 depicts an example of an unsymmetric coupling in which the starting aryl 
halide is capable of being substituted twice. This product is involved in electrical 
conduction material research.80 Displacement occurs more readily with bromine than 
chlorine on the substrate in the initial reaction. As illustrated in Figure 15, the nickel 
catalyst utilized in such reactions contains stabilizing phosphines ligands. 
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Figure 15. Unsymmetric Aryl Coupling Using the Kumada-Corriu Reaction. 80 
However, phosphines are not "user friendly," and require the use of excess ligand to 
stabilize the low-valent metal centers. Also, the reactivity of the Grignard reagent can 
prevent the use of certain functional substituents on the organohalide. Finally, this 
method of generating substituted biphenyls is hazardous due to the toxicity of nickel. 
As research into biphenyl production continued to evolve, the use of Grignard 
reagents persisted. Contributions were also made by use of other organometallic 
nucleophiles. Becoming more prevalent as well was the use of palladium metal as a 
Q 1 
catalyzing agent. Kumada , in 1981, used palladium as a trial catalyst for biaryl 
formation and obtained improved synthetic results. Success in these reactions 
increasingly equated to the combination of tailored organometallic reactivity with the use 
of an efficient palladium catalyst to achieve a selective and efficient aryl-aryl bond 
formation. 
One such reaction that involved this paradigm was the Stille reaction.82'83 This 
synthesis couples organo tin reagents with substituted aryl halides using a palladium 
catalyst. One advantage to this reaction is that a wider variety of tin reagents are 
available. The drawbacks, however, are that in using tin, toxicity becomes an issue and 
purification becomes a problem due to the difficulty of removing the tin reagent. 
38 
However, the reaction is important for unsymmetric biaryl synthesis. The example 
below, Figure 16, illustrates formation of an unsymmetric biaryl in its initial step 
followed by a ring closure to form an imine; the product has dioncophyline properties 
used in cancer research. 
Figure 16. The Stille Reaction.733 
One of the best-known reactions for creating sp -sp bonds it the Suzuki 
reaction.84 This method employs the use of organoboronic derivatives coupling with 
organohalides to produce biaryls. Again, palladium with phosphine ligands is used as a 
catalyst to promote the coupling. The advantages to the reaction are the wide range of 
functional group substituents available, the low toxicity of boron reagents, easy in 
handling the materials, as well as more reaction regioselectivity. Figure 17 provides an 
example of multiple Suzuki couplings in one synthetic pathway to form the luminescent 
product material.738 This reaction method (Figure 17) is compared to a pathway that lacks 
the ease in synthesis due to the iron system being less tolerant of the functional groups 
present. 
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Figure 17. The Suzuki Reaction. 73a 
There are, however, limitations to this reaction as well. First, it may be difficult 
to access the boron derivatives needed. If so, preparation of the appropriate starting 
materials is required. Finally, palladium is expensive, and there is still the nuisance of 
phosphines as ligands. However, one major advantage to the Suzuki cross-coupling 
method is that some reactions have been rendered stereoselective in the formation of 
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asymmetric biaryls. 
II. EXPERIMENTAL 
A. Reagents 
All reagents were obtained from Acros Chemical Company unless otherwise 
indicated. Reagent-grade 10 M n-BuLi in n-hexanes was purchased from Aldrich 
Chemical Company with no standardization of the reagent performed. This reagent was 
stored in a Fischer Scientific ISOTEMP refrigerator. 2.0 M solutions of the primary 
quenching agent, chlorotrimethylsilane (TMSC1) in n-hexanes, were dried over 4 A 
molecular sieves and stored in the refrigerator. 
Tetrahydrofuran (THF), tetramethylethylenediamine (TMEDA), glyme and 
diglyme were dried over 4 A molecular sieves, as were n-hexane, tert-butyl methylether, 
cyclohexane, diethyl ether, and toluene (the various solvents used). Anisole, 
dimethylaniline, o-, m-, and p-dimethoxybenzene, p-chloroanisole, and 
dimethylbenzylamine were all dried over 4 A molecular sieves. All carbonyl compounds 
(benzaldehyde, cyclopentanone, cyclohexanone, 3-pentanone, diethylcarbonate, and 
tetramethylurea) were used as purchased, with no additional drying. Benzaldehyde was 
stored in the Fischer ISOTEMP refrigerator to help prevent oxidation. Cesium fluoride 
was stored in a dessicator to prevent water absorbance from the air. Fractional 
equivalents of cesium fluoride were weighed out using an Acculab 3 mg balance. 
Chlorodiphenylphosphine was purchased from Acros and stored in the refrigerator. 
Ethanol was purchased from EM Scientific and used without further purification. 
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B. Instrumental 
Gas chromatography (GC) data was obtained on an HP 5890 instrument using a 
flame ionization detector (FID) in conjunction with an OV-17 packed column. The 
injector and detector were maintained at a constant 250°C temperature. The oven 
temperature was initially set at 70°C and held for 2 min. The oven temperature was then 
increased at a rate of 15 degrees per minute to a final temperature of 250°C. The areas of 
the peaks were calculated using digital integration. The column pressure was 
approximately 30 +/- 10 psi. 
NMR spectra were obtained on a JEOL ECS 500 instrument with multinuclear 
capabilities. A Mel-Temp II instrument was used to obtain melting points without 
correction. Gas Chromatography/Mass Spectrometry data was collected with an Agilent 
6890 GC with a 5970 Mass Selection Detector. Chloroform-D solvent was utilized for 
1 o 
all NMR analyses. C NMR spectra of DCI3 afforded three sharp peaks between 76.0-
78.0 ppm. 'H NMR spectra of DCI3 afforded a doublet shift at 2.5 ppm, as well as a 
sharp singlet shift at 7.25 ppm. 
C. Standardization of the GC Spectra 
Correction factors for the TMS derivatives of various substrates were determined 
for the use in correcting GC percent yield data for the isolated products. The first step in 
the determination of the correction factor was the isolation of the TMS derivative. A 
weighed sample of the isolated material was diluted to 50 mL in «-hexane solvent using a 
volumetric flask, and the solution's molarity was calculated. A similar solution of the 
starting material was then prepared obtaining a molarity as close to the molarity of the 
product solution as possible. Mixtures of the starting material solution and the product 
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solution were prepared in calculated molar ratios of approximately 1:5, 2:4, 3:3, 4:2 and 
5:1, respectively. A gas chromatogram was then obtained for each of the above five 
mixtures. Data obtained was plotted on a chart of area ratio (starting material:product) 
vs. the molar ratio (starting material :product). The result was a straight line, the slope of 
which is the correction factor. The final equation for the corrected gas chromatographic 
yield was as follows: 
Correction Factor • Product Area 
% Corrected Yield = (Correction Factor • Product Area) + Starting Material Area 
Correction factors were determined using this method for four substrates used in 
this project. The correction factor for anisole was calculated to be 0.670; for 
dimethylaniline, the correction factor was 0.774; the correction factor for 1,2-
dimethoxybenzene was determined to be 0.659; and for dimethylbenzylamine, the 
correction factor was calculated to be 0.632. These correction factors correlate to the HP 
5 890A GC with an OV-17 column and an FID detector. 
D. Sampling Techniques 
All glassware and needles were dried in a drying oven at approximately 35°C 
until dry. One-milliliter samples were taken using a 10 mL glass syringe with a 12", 18-
gauge needle. The aliquot was then injected into a 10 mL glass sample vial into which 
the excess TMSC1 was used as a quenching reagent. To obtain analytical samples of 
solutions containing suspended solids, a wider bore 12-gauge needle was used. 
To prevent significant backpressure from developing inside a reaction vessel, a 1-
inch venting needle was inserted into the septum of the flask. This precaution is taken to 
prevent excess pressure build up. One problem with excess pressure is in the taking of 
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samples. Excess pressure will cause expulsion of the sample from the syringe during the 
transfer. 
Samples were obtained by inserting a syringe into the septum and withdrawing a 
1 mL aliquot from the middle of the rapidly stirred solution. The stir bar, if disrupted, 
was restarted after each sample was taken. At times when the solution became so thick 
that no samples could be attained using this technique, a 12-gauge syringe was used. 
E. General Procedures for Metalation of Anisole and Dimethylaniline 
1. Basic Setup 
A clean, dry, 100 mL one-neck round-bottom flask was used for the reactions. 
First, a magnetic stir bar was placed into the flask. Next, dry substrate (anisole or 
dimethylaniline) was added by volume to the flask followed by the calculated volume of 
dry TMEDA catalyst. Lastly, cyclohexane solvent was added to the reaction vessel. At 
this point the flask was capped with a rubber septum, followed by sealing the septum to 
the flask with parafilm. The reaction vessel was purged of air by inserting both a 1-inch 
vent needle and a needle connected to a running nitrogen line into the septum. After 
approximately one minute of purging the flask, both needles were removed from the 
septum. 
The reaction vessel was placed in a constant temperature water bath held at the 
indicated reaction temperature of 60°C. The temperature was maintained by use of a 
Fischer Scientific ISOTEMP regulator, and the reaction was stirred via a magnetic 
stirring apparatus. At this point, the reaction was prepped for introduction of the 
alkyllithium reagent, 10 M n-BuLi in hexanes. 
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A glass syringe roughly two times the holding capacity of the aliquot to be 
delivered was thoroughly dried in a drying oven at 35°C directly prior to use, as was the 
18-gauge needle. Because the alkyllithium is air and water sensitive, it is contained in a 
sure/seal™ bottle under nitrogen. Both the syringe needle and a needle attached to a 
nitrogen line were inserted into the sure/seal™ septum. The nitrogen line was slowly 
turned on and the delivery needle was filled with nitrogen to about 14 mL inside the 
syringe. The syringe needle was immersed in the alkyllithium reagent such that the 
reagent was drawn up into the syringe via the pressure of the nitrogen. Once the 
calculated amount was obtained, the nitrogen line was turned off and removed from the 
bottle, and the syringe needle was filled with about another '/> mL of nitrogen from the 
bottle before being removed. This step was very important because it helped prevent any 
dripping of alkyllithium out of the end of the needle during the transfer process. At this 
point, the delivery needle was pierced through the septum of the reaction flask, and the 
alkyllithium was delivered slowly to the stirring reaction. Should any backpressure have 
occurred during the delivery, a 1-inch vent needle was used to relieve any excess 
pressure. Once all alkyllithium was transferred, the needle and syringe were both rinsed 
in n-hexanes solvent to dilute the base for further washing. Vacuum grease was placed 
over the pierced septum of the sure-seal™ bottle before it was re-stored in the 
refrigerator. 
The reactions were run for 24 h, and 1 mL sample aliquots were taken at various 
reaction times. The reaction was also vented of excess pressure as needed. Samples 
were placed into sample vials already containing 1.5 mL of 2 M TMSC1 in dry hexanes 
(the quenching reagent used). The vial was capped and vigorously shaken, then left to 
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react for at least 1 h. Workup of the TMS product involved addition of approximately 3 
mL hexanes and 4 mL of either Na 2 C03 (aq) or NaHC03(aq). The vial was again vigorously 
shaken until the organic layer was clear. A 1 \iL aliquot of each sample's organic layer 
was analyzed by GC. 
2. Preparation of o-Lithioanisole 
o-Lithioanisole was prepared by a known literature procedure.86 Specifically, 
anisole (6.52 mL, 0.06 mol) was reacted with 10 M rc-BuLi in hexanes (6.0 mL, 0.06 
mol), along with varying amounts of TMEDA (0.05 eq. = 0.45 mL, 0.10 eq. = 0.91 mL, 
0.15 eq. = 1.36 mL, and 0.20 eq. = 1.81 mL) as a catalyst. Dry cyclohexane was added to 
make the total volume of the reaction 30 mL resulting in a solution 2 M in each reactant. 
The reaction system was stirred for 24 h while being held in a 60°C water bath. Some 
reactions studied not only the extent of metalation at 24 h, but also the rate of metalation 
up to 24 h. With these reactions, samples at 2 m, 10 m, 30 m, 1, 2, 4, 6, and 24 h were 
taken. The varying equivalents of TMEDA (0.0, 0.05, 0.10, 0.15, and 0.20) were used to 
find a minimum amount of catalyst for maximal metalation of the anisole. The results of 
these reactions are found in Tables 4 - 8 . 
The lithiation of anisole produced a thick, off-white, suspended material which 
precipitated if stirring was stopped. To obtain a representative sample of the entire 
reaction mixture, the reaction was rapidly stirred so that the flocculent matter was 
suspended evenly throughout the vessel. A 12-inch, 12-gauge syringe was used to take a 
1 mL sample of the mixture and was quenched as described earlier. 
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After letting the reaction suspension settle for a few hours in the refrigerator, the 
off-white precipitate settled in the bottom of the round-bottom flask. This solid was the 
o-l ithiointermediate. The top layer of the remaining solution was a clear orange-yellow 
liquid. Aliquots of each layer were taken and analyzed by GC. The top, liquid layer was 
Table 4. 1:1:0.0 Anisole:«-BuLi:TMEDA in a total volume 30 mL cyclohexane, 
0.06 mol/equiv., 60°C. Average of 2 runs. 
Time (h) Percent TMS product 
0.0 0.0 
0.5 17.6 
1.0 30.0 
2.0 39.1 
4.0 37.1 
6.0 39.6 
24.0 37.2 
Table 5. 1:1:0.05 Anisole:«-BuLi:TMEDA in a total volume 30 mL cyclohexane, 
0.06 mol/equiv., 60°C. Average of 2 runs. 
Time (h) Percent TMS product 
0.0 0.0 
0.5 75.3 
1.0 77.2 
2.0 82.2 
4.0 84.9 
6.0 82.4 
24.0 83.4 
Table 6. 1:1:0.10 Anisole :rc-BuLi: TMEDA in a total volume 30 mL cyclohexane, 
0.06 mol/equiv., 60°C. Average of 2 runs. 
Time (h) Percent TMS product 
0.0 0.0 
0.5 79.6 
1.0 81.1 
2.0 75.4 
4.0 81.8 
6.0 81.9 
24.0 85.0 
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Table 7. 1:1:0.15 Anisole:«-BuLi:TMEDA in a total volume 30 mL cyclohexane, 
0.06 mol/equiv., 60°C. Average of 2 runs. 
Time (h) Percent TMS product 
0.0 0.0 
0.5 79.6 
1.0 82.1 
2.0 87.7 
4.0 92.1 
6.0 92.9 
24.0 94.6 
Table 8. 1:1:0.20 Anisole:w-BuLi:TMEDA in a total volume 30 mL cyclohexane, 
0.06 mol/equiv., 60°C. Average of 2 runs. 
Time (h) Percent TMS product 
0.0 0.0 
0.5 85.9 
1.0 85.5 
2.0 84.6 
4.0 84.3 
6.0 85.2 
24.0 86.5 
found to contain solvent and anisole only, but no product. The precipitate was found to 
contain only about 1-2 percent of anisole and all of the ort/zo-lithioanisole (o-LiA) 
product. Another technique to separate the solid involved centrifuging a homogenous 
aliquot of the sample under a nitrogen atmosphere for 5-10 minutes. 
Suspensions of the o-LiA intermediate are air and moisture sensitive. The wet 
solid could effectively be "washed" by a technique in which the entire top liquid layer, 
the supernate, was removed from the sealed flask via syringe and the flask was then 
refilled to the same volume with pure dry cyclohexane. The reaction mixture was shaken 
and another representative sample taken. If the desired GC purity was not attained, the 
same washing technique was repeated. Analytical samples were formed by quenching 
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with TMSC1. The o-LiA's desired purity was between 98-100% TMS product. Some of 
the purified intermediate data is listed in Table 9. This table is comprised of runs 
containing 0.10 and 0.15 eq. TMEDA as these afforded the higher extents of metalation. 
o-LiA can be stored under nitrogen in a refrigerator for approximately two weeks without 
degradation. 
GC/MS Data for 2-TMS-Anisole matched data previously reported by our 
87 group. 
Table 9. Preparation/Purification Data for o-LiA. 1:1:0.10 or 0.15 equiv. Anisole: n-
BuLi: TMEDA, respectively, in cyclohexane, 60°C, 24 h (0.06 mol/equiv.).a 
Equiv. TMEDA % TMS product 
after 24 h 
% Enhanced TMS 
product 
Number of 
Cyclohexane 
Washes 
0.10 89.4 94.6 1 
0.10 85.0 96.2 2 
0.15 93.8 97.8 1 
0.15 91.0 98.3 2 
0.15 94.3 97.6 1 
0.15 98.0 99.9 1 
a
 Only 24 h points of these reactions taken. 
3. Preparation of o-Lithiodimethylaniline 
The preparation of o-lithiodimethylaniline (o-LiDMA) was veiy similar to that of 
o-LiA.88 Dimethylaniline (7.68 mL, 0.06 mol) was reacted with 10 M «-BuLi in hexanes 
(6.0 mL, 0.06 mol) at 60°C. Dry cyclohexane (15.4 mL) was used as the solvent to bring 
the total reagent volume to 30 mL, affording a 2 M reaction mixture. TMEDA (0.91 mL, 
6.0 mmol) was used as a catalyst for a maximal yield of o-lithiodimethylaniline (o-
LiDMA) product as measured by the TMSC1 quenching technique. When rate studies 
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were done on the production of this intermediate, samples were taken at 2 m, 10 m, 30 m, 
1, 2, 4, 6, 10, 24 h. If the samples were too thick to obtain by use of an 18-gauge syringe, 
a 12-gauge syringe was utilized. Results of these reactions are given in Table 10. 
Table 10. 1:1:0.1 DMA:«-BuLi:TMEDA in total volume 30 mL cyclohexane, 
0.06 mol/equiv., 60°C. Average of 2 runs. 
Time (h) Percent TMS product 
0.0 0.0 
0.03 17.5 
0.17 30.8 
0.5 48.1 
1.0 61.4 
2.0 75.5 
4.0 78.8 
6.0 84.8 
10.0 86.0 
24.0 90.5 
This reaction formed a thick, ginger-colored, insoluble precipitate of o-LiDMA. 
The precipitate settled to the bottom of the round-bottom flask when the reaction was 
complete and stirring ceased. To take a representative sample of the both layers of the 
mixture for TMSC1 derivatization, the reaction was stirred so that the precipitate was 
suspended homogenously throughout the reaction solution. To settle the air-sensitive wet 
solid in the bottom of the flask, the suspension was allowed to settle in the refrigerator. 
Representative samples were taken from each layer in the same manner as for o-LiA. 
DMA was evident in the liquid layer. Also present after quenching with TMS CI was 1 -
2% of o-TMS-DMA. The solid sample, after again slurring in dry cyclohexane and 
quenching with TMSC1, yielded the results in Table 11. Acceptable TMS purities for this 
intermediate range from 95-100%. 
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Table 11. Preparation/Purification Data for o-LiDMA. 
1:1:0.1 «-BuLi: DM A :TMED A, in cyclohexane, 60°C, 24 h (0.06 mol/equiv.). 
% TMS product 
After 24 h 
% Enhanced TMS 
product 
Number of 
Cyclohexane 
Washes 
89.8 96.0 1 
91.2 95.1 1 
79.2 95.0 2 
90.2 95.7 1 
91.0 97.4 2 
98.8 100.0 1 
GC/MS Data for 2-TMS-Dimethvlaniline: m/z (relative intensity) 193 ([M+], 
48%), 178 (90%), 163 (85%), 148 (10%), 120 (100%).88 
4. Scoping Metalations 
Other aryl substrates were ortho-metalated using procedures, or slight 
modifications thereof, found by previous researchers in the group. For each of these 
metalation conditions affording high to maximal extents of metalation had already been 
developed. The purpose of these metalations was not to enhance product yield or purity, 
only to replicate these procedures to generate a larger variety of ort/20-lithiointermediates 
for subsequent derivatizations. The detailed conditions for each is described. All 
metalations were performed under a nitrogen atmosphere. 
4a. Metalation of Dimethylbenzylamine88 
Dimethylbenzylamine (6.01 mL, 0.04 mol) was reacted at 60°C for 24 h with 10 
M «-butyllithium in hexanes (0.04 mol, 4.0 mL) using methyl-/-butylether (4.76 mL, 0.04 
mol) as catalyst in hexanes as the solvent (15.23 mL). The 1.33 M 2-Li-
dimethylbenzylamine (DMBA) intermediate formed an off-white precipitate that, when 
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left to settle, separated from the clear orange supernate. Two identical reactions were 
run, and from each 1 mL samples of the slurried mixture were taken and quenched with 
TMSC1. 2-TMS-DMBA was afforded in uncorrected GC yields of 95.0% and 90.0%. 
No attempt to further purify the solid ortho-lithio precipitate by the cyclohexane washing 
method was made. 
GC/MS Data for 2-TMS-A^.Af-Dimethvlbenzylamine: m/z (relative intensity) 207 
([M+] 33%), 192 (100%), 177 (8%) 162 (3%), 149 (47%), 134 (19%), 73 (29%), 58 
(90%).88 
4b. Metalation of 1,2-Dimethoxybenzene 
1.2-Dimethoxybenzene (7.65 mL, 0.06 mol) was metalated at 25°C with 10 M n-
butyllithium in hexanes (6.0 mL, 0.06 mol) diluted to 2 M with cyclohexane (10.57 mL) 
using both THF (4.88 mL, 0.06 mol) and TMEDA (0.90 mL, 6.0 mmol) as 
promoter/catalyst combination. A thick, orange, gummy solid was produced after 24 h. 
A 1 mL sample of the reaction slurry was quenched with TMSC1, resulting in a 70.0% 
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uncorrected GC yield afforded. No attempt to further purify the solid ortho-lithio 
precipitate by the cyclohexane washing method was made. 
4c. Metalation of 1,3-Dimethoxybenzene 
1.3-Dimethoxybenzene (7.86 mL, 0.06 mol) was reacted with 10 M n-
butyllithium (6.0 mL, 0.06 mol) diluted to 2 M with cyclohexane (10.36 mL) using both 
THF (4.88 mL, 0.06 mol) and TMEDA (0.9 mL, 6.0 mmol) as promoter/catalyst 
combination at 60°C. The reaction solution developed into a pale yellow opaque 
appearance form which, after 5 h, a 1 mL sample was taken and quenched with TMSC1. 
2-TMS-l,3-dimethoxybenzene was generated in an uncorrected GC yield of 92.7%.89 
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4d. Metalation of 1,4-Dimethoxybenzene 
1,4-Dimethoxybenzene (8.29 g, 0.06 mol) was reacted under nitrogen at 60°C 
with 10 M ?j-butyllithium (6.0 mL, 0.06 mol) in the presence of both THF (4.88 mL, 0.06 
mol) and TMEDA (0.90 mL, 6.0 mmol). The solution was diluted to 2 M in each 
reactant with cyclohexane (9.49 mL) as solvent. Two identical reactions were run. After 
quenching each 24 h sample of the brown, clear solution with TMSC1 solution, 
Q Q 
uncorrected GC yields of 83.2% and 79.0% were attained. 
4e. Metalation of p-Chloroanisole41 
/7-Chloroanisole (7.32 mL, 0.06 mol) was metalated at 25°C with 10 M n-
butyllithium in hexanes (6.0 mL, 0.06 mol) using THF (4.88 mL, 0.06 mol) as the 
catalyst. The reaction was made 2 M in reactants by the addition of cyclohexane (11.80 
mL). Two identical reactions were run. After quenching each 24 h sample of black 
solution with TMSC1 solution, uncorrected GC yields of 91.3% and 94.2% were afforded. 
F. Derivatization 
1. Addition Reactions 
The o-lithioarenes prepared as described in Section E were reacted with a variety 
of ketone and aldehyde electrophiles. Several solvents of different polarities were used to 
dissolve the electrophiles. Cesium fluoride was added to some reactions. 
To prepare the reaction, the o-lithioarene substrate was first added to a clean, 
nitrogen-flushed 100 mL round-bottom flask containing a magnetic stir bar and capped 
with a septum. To add the correct amount of the 2 M o-lithioarene to the flask, a 10 mL 
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glass syringe with a 12-gauge needle was used to transfer the rapidly stirred air-sensitive 
suspension. Each preparation of the o-lithioarene was used in several addition reactions. 
In another 100 mL round-bottom flask, the correct amount of cesium fluoride 
(0.15 g/mmol CsF) was added to the flask with a stir bar inside. The appropriate amount 
of dry solvent was added to the salt (for a 0.01 mol solution, 15 mL of solvent was 
added). The solvents investigated were THF, glyme, and diglyme. The flask was gently 
heated in a sand bath in order to dissolve any remaining CsF. Once a significant amount 
of the salt was dissolved in the solvent (not all of the salt may dissolve in some instances 
of higher amounts) the heat was turned off and the correct amount of carbonyl compound 
was added to the salt solution. 
The carbonyl/CsF/solvent solution was taken up into a 45 mL glass syringe with a 
12-gauge needle while the solution was stirring to collect both the solution and any 
remaining undissolved salt in the flask. This mixture was transferred dropwise into the 
closed flask containing the o-lithioarene held at 25°C in a water bath while the reaction 
was stirred. Once the reaction was completed (time varied with different runs) a 1 mL 
aliquot of the reaction was quenched with 1 mL of deionized water in a glass vial. After 
1 h, 3 mL of hexanes was added to the vial and shaken until the organic layer was clear. 
The percent alcohol product and self-condensation product (SCP) were determined via 
GC and GC/MS analysis of the hexane layer. The carbonyl compound was used as the 
limiting reagent. The use of a larger syringe allowed more substrate to be transferred 
than measured (roughly 1 mL). As a means of accounting for this difference, 0.5 mL of 
o-lithioarene in the syringe was allowed for. 
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% Uncorrected (Area Product) 
GC yield = x 100% 
(Area Starting Material + Area SCP + Area Product) 
In the instances where no cesium fluoride was used, the dry solvent and carbonyl 
were both mixed together and then added dropwise to the o-lithioarene. The reaction 
conditions, the quenching technique, and the analytical methods remained the same. 
Tables 1 2 - 2 1 contain data for the different condensation reactions. The self-
condensation products (SCP) were not initially tabulated; therefore, their percentages are 
noted only where they were tabulated later in the research. 
la. Reaction of Benzaldehyde with o-LiA 
The reaction of benzaldehyde with o-LiA was the first condensation reaction to be 
studied. Benzaldehyde (1.02 mL, 0.01 mol) was reacted with 2 M90 o-LiA in 
cyclohexane (5.00 mL, 0.01 mol). The effect of cesium fluoride was studied by varying 
fractional amounts of 0.0, 0.1, and 0.3 equivalents (0.0, 0.15, and 0.45 g respectively). 
THF (15 mL) was used to dissolve the cesium fluoride in a separate flask. Stirring and 
heating helped the salt to dissolve; however, with larger amounts of cesium fluoride not 
all of the salt was soluble due to saturation of the solvent. Once considerable amounts of 
salt were in solution, the benzaldehyde was added to the mixture. 
This mixture of aldehyde and salt was transferred into the reaction flask 
containing the o-LiA. The reaction flask had been previously purged with nitrogen due 
to the air-sensitivity of the reaction. Transfer was accomplished using a dry 30 mL glass 
syringe and a 12-gauge needle. In some instances, not all of the CsF was soluable. To 
transfer all of the miture into the syringe, the flask was shaken to suspend the salt with 
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one hand while collected via syringe with the other. Therefore, all salt, whether soluable 
or not, was added into the reaction vessel. The mixture was added dropwise at 25°C. 
The reaction time was initially tested for completion by taking samples at 1, 4, and 24 h. 
No further reactivity was observed past 1 h, therefore subsequent reaction samples were 
quenched at 1 h with 1 mL of deionized water in a glass vial. After 1 h, 3 mL of hexane 
was added, and both GC and GC/MS analysis were performed on the organic layer of the 
samples. Table 12 contains uncorrected GC data for the percent condensation product 
(i.e., alcohol product) for each reaction. 
Table 12. 1:1 Benzaldehyde : o-LiA, 0.01 mol each in THF, 25°C, 1 h. 
Equiv. CsF % -OH product 
0.0 93.3 
0.1 78.2 
0.1 94.8 
0.3 79.4 
The GC/MS spectra for the reaction product 2-methoxybenzhydrol gave an M+ = 
214. The material was not isolated, therefore no further analyses were performed. 
lb. Reaction of Cyclopentanone with o-LiA 
For ketones/aldehydes containing enolizable hydrogens, self-condensation in a 
basic media is prevalent, affording less of the desired addition product. The same 
procedure was used in these reactions as in the previous reactions. A one-to-one ratio of 
cyclopentanone to o-LiA was treated with varying fractional equivalents of cesium 
fluoride at 0.01 mol/equivalent 
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The cesium fluoride (0.15 g, 1.0 mmol) was first dissolved in 15 mL of THF. 
Stirring and gentle heating helped bring most of the salt into solution. For reactions 
containing 0.5 equiv. (0.75 g, 5.0 mmol) and 0.75 equiv. (0.90 g, 7.5 mmol) cesium 
fluoride, 20 mL and 25 mL of THF was used, respectively. Cyclopentanone (0.89 mL, 
0.01 mol) was added to the mixture and both remaining salt and solution were transferred 
to a 30 mL glass syringe with a 12-gauge needle. In order to extract all of the remaining 
salt, the solution was shaken gently while the suspended mixture was drawn into the 
syringe with the other. This mixture was added dropwise into a nitrogen-flushed flask 
containing the 2 M90 o-LiA (0.01 mol, 5.00 mL) held at 25°C, at 45°C, or at 0°C by use 
of temperature controlled water baths. In initial runs, little to no change in yield was 
noticed after 30 min.; therefore, subsequent reactions were quenched with deionized 
water after this time period. Later in the research, other solvents were studied using the 
most successful equivalents of CsF from the previous runs, 0.3 eq. Specifically, both dry 
glyme and dry diglyme solvents were used. Only reactions at 25°C were studied. Due to 
the use of different solvents, the reaction time was extended to 4 h for these reactions. 
All reactions were analyzed by GC and GC/MS. The uncorrected GC data for the percent 
alcohol (condensation) product are listed in Tables 13 -16 , determined using the formula 
at the beginning of Section F, part 1. Table 13 lists data in THF at 25°C. Tables 14 and 
15 list data in THF at 45°C and 0°C, respectively. Table 16 contains runs at 25°C in both 
glyme and diglyme. Due to the use of 2M'90 o-LiA, cyclopentanone was treated as the 
limiting reagent. The only two products present were the SCP and the alcohol product. 
The self-condensation product (SCP) is listed in parenthesis for some of the reactions, but 
was not determined for all reactions. 
Table 13. 1:1 o-LiA : cyclopentanone, 0.01 mol each in THF, 25°C, 30 min. 
Equiv. CsF % -OH product (SCP) 
0.0 39.7 (4.3) 
0.0 39.6 
0.1 38.8 
0.1 56.8 
0.1 54.3 
0.1 53.9 (3.2) 
0.3 59.2 (0.0) 
0.3 64.1 (0.0) 
0.5 62.5 (0.0) 
0.75 58.3 
Table 14. 1:1 o-LiA : cyclopentanone, 0.01 mol each in THF, 45°C, 30 min. 
Equiv. CsF % -OH product 
0.0 42.2 
0.1 58.7 
0.3 44.9 
0.3 54.1 
0.5 57.7 
0.75 59.5 
Table 15. 1:1 o-LiA : cyclopentanone, 0.01 mol each in THF, 0°C, 30 min. 
Equiv. CsF % -OH product 
0.0 50.2 
0.1 48.6 
0.3 54.3 
0.3 54.6 
0.3 55.2 
0.5 58.2 
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Table 16. 1:1 o-LiA : cyclopentanone, O.Olmol each in other ether solvents, 
25°C, 4 h. 
Solvent Equiv. CsF % -OH product 
glyme 0.0 77.2 (10.7) 
glyme 0.0 78.9 (3.5) 
glyme 0.3 77.8 (10.7) 
glyme 0.3 72.2 (0.0) 
glyme 0.3 85.2 (0.0) 
diglyme 0.0 97.3 (0.5) 
diglyme 0.0 87.9 (0.5) 
diglyme 0.3 84.6 (0.1) 
diglyme 0.3 85.2 (0.0) 
Analysis of l-(2-methoxvphenvl)-l-cyclopentanol: 91 This product was isolated 
by column chromatography, starting with pure hexanes solvent and increasing polarity up 
to a 15% ethyl acetate in hexanes. The product is a pale, yellow oil. GC/MS: m/z 
(relative intensity) 192 ([M+], 22%), 174 (24% ), 163 (100%), 135 (61%), 77 (23%). ]H 
NMR:92 (CDCI3) 8 1.25 (s), 1.75 (m), 2.0 (m), 3.62 (s), 6.92 (q), 7.25 (m), 7.33 (d). 13C 
NMR: (CDCI3) 5 23.45, 39.16, 55.37, 82.74, 111.19, 120.78, 125.75, 128.28, 134.30, 
157.46. This is a known compound. 
GC/MS Data for Self-Condensation Product of Cyclopentanone: m/z (relative 
intensity) 150 ([M+] 100%), 121 (36%), 107 (33%), 91 (36%), 84 (42%), 79 (78%). 
lc. Reaction of Cyclopentanone with o-LiDMA 
The reaction of cyclopentanone with o-LiDMA was prepared by a similar 
procedure as that of cyclopentanone with o-LiA. Cyclopentanone (0.89 mL, 0.01 mol) 
and 2 M90 o-LiDMA in cyclohexane (5.0 mL, 0.01 mol) were treated with dry THF or 
glyme solvent (15 mL) containing CsF (0.45 g, 3.0 mmol). In one instance, cesium 
acetate (CsOAc) was used. The reactions were run at 25°C. Samples of the reaction 
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were taken at 3 or 4 h, and in some instances 24 h. The sample was quenched with 
deionized water. It should be noted that time of reaction was considered, and little 
variance was seen in percent product from approximately 4 h to 24 h time periods. 
Percentages alcohol and self-condensation product are listed in Table 17 based on 
cyclopentanone as the limiting reagent. Analysis of the data was identical to that used for 
the same reaction with o-LiA. The SCP appears in parenthesis for those reactions where 
it was determined. 
Table 17. 1:1 o-LiDMA : cyclopentanone, 0.01 mol each in various solvents, 25°C. 
Solvent Equiv. CsF % -OH product (SCP) Time (h) 
THF 0.0 61.3 (14.5) 4 
glyme 0.3 62.8 24 
glyme 0.3 79.1 (0.0) 4 
glyme 0.3 (CsOAc) 54.1 3 
glyme 0.3 (CsOAc) 52.8 3 
diglyme 0.3 55.5 (14.4) 4 
diglyme 0.0 76.9 (0.0) 4 
diglyme 0.0 75.2 (0.0) 4 
GC/MS Data for 1 -(2-dimethylaminophenyl)-1 -cyclopentanol: m/z (relative 
intensity) 205 ([M+] 5%), 187 (15%), 144 (100%), 120 (10%). This compound was not 
Q O 
found to be a known compound. 
Id. Scoping Derivatizations with Cyclopentanone 
Other various derivatizations were performed by treating o-
lithiodimethylbenzylamine (o-LiDMBA), o-lithio-p-chloroanisole (o-Li-p-CIA), or 2-
lithio-l,4-dimethoxybenzene (2-Li-l,4-DMB) with cyclopentanone. Specifically, 2 M90 
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o-lithioarene (5 mL, 0.01 mol) was reacted for 6 h with cyclopentanone (0.89 mL, 0.01 
mol) using 0.3 equiv. CsF (0.45 g, 3.0 mmol) in glyme (15 mL) at 25°C. The same 
addition technique was utilized as of that in Section F, lb. Aliquots of each reaction were 
quenched with 1 mL H2O and percent yields were calculated via uncorrected GC and 
GC/MS analysis. Table 18 contains data for the different derivatizations. 
Table 18. Scoping Reactions of Various o-Lithioarenes with Cyclopentanone. 
1:1:0.3 o-Lithioarene:Cyclopentanone:CsF in 15 mL glyme, 0.01 mol/equiv, 25°C, 6 h. 
o-Lithioarene % -OH product % SCP 
o-LiDMBA 20.1 N/A 
o-LiDMBA 77.0 6.0 
o-LiDMBA 77.7 6.4 
o-Li-p-CIA 53.7 19.7 
2-Li-l,4-DMB 89.5 0.0 
GC/MS Data for l-(2-dimethvlbenzvlaminophenyl)-l-cvclopentanol:93 m/z 
(relative intensity) 219 ([M+] 4%), 201 (46%), 190 (67%), 157 (42%), 145 (56%), 129 
(65%), 115 (49%), 91 (56%), 58 (100%), 44 (53%). 
GC/MS Data for l-(2-methoxy-5-chlorophenyl)-l-cyclopentanol:93 m/z (relative 
intensity) 226 ([M+] 26%), 208 (21%), 197 (100%), 169 (72%), 141 (22%), 77 (23%), 55 
(19%). 
GC/MS Data for l-(2,5-dimethoxyphenvl)-l-cvclopentanol:93 m/z (relative 
intensity) 222 ([M+] 40%), 204 (100%), 193 (81%), 173 (54%), 165 (58%), 147 (72%), 
91 (33%), 77 (29%), 55 (42%). 
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le. Reaction of Cyclohexanone with o-LiA 
Cyclohexanone was reacted with o-LiA as previously described in Section F, lb. 
For these reactions specifically, cyclohexanone (1.04 mL, 0.01 mol) and 2 M90 o-LiA in 
cyclohexane (5.0 mL, 0.01 mol) were reacted. Some reactions were treated with 0.3 eq. 
(0.45 g, 3.0 mmol) of CsF. The reactions were run at 25°C for 4 h. The ketone was 
dissolved in 15 mL of various solvents were studied including THF, glyme, and 
cyclohexane. Uncorrected GC yields determined from the formula in Section F, part 1 
for percent product are shown in Table 19, using cyclohexanone as the limiting reagent. 
The SCP appears in parenthesis. 
Table 19. 1:1 o-LiA: cyclohexanone, 0.01 mol each, 25°C, 4 h, in various solvents. 
Equiv. CsF Solvent % -OH product % SCP 
0.0 cyclohexane 78.1 4.3 
0.0 THF 83.5 5.8 
0.0 glyme 91.7 3.6 
0.3 glyme 90.8 0.0 
0.3 glyme 93.5 0.0 
GC/MS data for l-(2-methoxyphenyl)-l-cyclohexanol:94 m/z (relative intensity) 
206 ([M+] 22%), 163 (100%), 135 (48%), 77 (21%), 55 (16%). 
If. Reaction of Cyclohexanone with o-LiDMA 
Cyclohexanone (1.04 mL, 0.01 mol) was reacted with 2 M90 o-LiDMA in 
cyclohexane (5.0 mL, 0.01 mol) as described previously, except only THF and glyme 
solvents (15 mL) were studied. Some systems were treated with 0.3 equiv. (0.45 g, 3 
mmol) CsF. The reactions were run at 25°C for 4 h. Uncorrected GC yields determined 
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from the formula in Section F, part 1 for the percent product and SCP are listed in Table 
20, using cyclohexanone as a limiting reagent again. 
Table 20. 1:1 o-LiDMA: cyclohexanone, 0.01 mol each, 25°C, 4 h, in various ether 
solvents. 
Equiv. CsF Solvent % -OH product % SCP 
0.3 THF 78.6 0.0 
0.0 glyme 86.4 0.8 
0.0 glyme 82.9 0.0 
0.3 glyme 78.6 0.0 
GC/MS Data for 1 -(2-dimethylaminophenyl)-1 -cyclohexanol :95 m/z (relative 
intensity) 219 ([M+] 19%), 201 (30%), 186 (79%), 148 (56%), 144 (100%), 91 (13%), 77 
(18%). 
lg. Reaction of 3-Pentanone with o-LiA 
The final variation in the addition reaction series was the study of addition of o-
LiA to 3-pentanone, an acyclic symmetric ketone. Again, 2 M90 o-LiA in cyclohexane 
(5.0 mL, 0.01 mol) and 3-pentanone (1.06 mL, 0.01 mol) were reacted in either 15 mL of 
THF or glyme as the solvent. Some systems were treated with 0.3 equiv. CsF (0.45 g, 3 
mmol). The reactions were run at 25°C for 4 h. The uncorrected GC yields determined 
using the formula in Section F, part 1 for percent alcohol product and SCP are listed in 
Table 21. 3-Pentanone was used as the limiting reagent. 
63 
Table 21. 1:1 o-LiA: 3-pentanone, 0.01 mol each, 25°C, 4 h, in various etheral solvents. 
CsF Solvent % -OH product % SCP 
0.0 THF 94.7 0.0 
0.3 THF 89.9 0.0 
0.0 glyme 95.6 0.0 
0.3 glyme 94.2 0.0 
GC/MS spectra for 3-(2-methoxvphenyl)-3-pentanol:96 m/z (relative intensity) 194 
([M+l 0.5%), 176 (2%), 165 (100%), 147 (36%), 132 (34%), 119 (26%), 91 (45%), 77 
(17%). 
2. Tetramethylurea and Diethylcarbonate Reactions 
For the reaction of the o-lithiointermediate with either tetramethylurea or 
diethylcarbonate, a different addition technique was utilized than with the condensation 
reactions. First, the appropriate amount of o-lithioarene was transferred from the reaction 
vessel into a 100 mL glass round-bottom flask, already flushed with nitrogen gas and 
containing a stir bar. The transfer was made via a glass syringe with a 12-gauge needle. 
To this vessel was added the appropriate amount of dry solvent (for 0.01 mol, 10 mL of 
solvent is used), transferred via an 18-gauge syringe. The solvents of varying polarity 
studied were cyclohexane, THF, glyme, diglyme, and methyl-fert-butyl ether (MTBE). 
The solution was stirred and placed into an isothermal 25°C water bath. The correct 
amount of either tetramethylurea or diethylcarbonate, later described, was added 
dropwise using a 10 mL glass syringe with an 18-gauge, 12-inch needle. Once the 
reaction was complete, a 1 mL aliquot was quenched with 1 mL deionized water in a 
glass vial, shaken, and allowed to react for 1 h. 3 mL of hexanes was then added to the 
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vial and shaken until the organic layer was clear. Analysis was done via GC and GC/MS 
instrumentation. 
In the case when solid product formed and precipitated from solution, the product 
was collected by vacuum filtration and washed with hexane to purify the product. After 
the material was dried, the product was weighed, and characterization by GC/MS analysis 
1 o 1 
was accomplished by dissolving the solid material in chloroform. Both "C and 'H NMR 
spectra were obtained by dissolving appropriate samples in CDCI3. C, H, N analysis is 
also provided. Tables 22 - 25 contain yields of the different products. More specific 
reactions are described below. 
2a. Reaction of Tetramethylurea with o-LiA 
Various equivalents of 2 M90 o-LiA in cyclohexane (5.0 mL, 0.01 mol) were 
reacted with one equivalent of tetramethylurea (1.18 mL, 0.01 mol), as shown in Table 
22. A range of solvent polarities were used in the reactions. For reactions at 0.03 
mol/eq., 20 mL of dry THF was used; in reactions of 0.01 mol/eq., 10 mL of either dry 
glyme or diglyme was used. The order of addition consisted of adding a mixture of the 
appropriate amount of tetramethylurea with solvent to the o-LiA dropwise into a 
nitrogen-flushed, 100 mL round-bottom flask. All reactions were run at 25°C in a water 
bath for 4 h. A 1 mL sample was quenched with deionized water preceding workup with 
hexanes. 
The potential for three different products were expected—the amide (single 
substitution), the ketone (double substitution), and the carbinol (double substituion and an 
addition). No solid products were produced; therefore, all product solutions were 
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analyzed in the usual manner in which the organic layer was analyzed via GC and 
GC/MS. Uncorrected GC yields were determined using the formula in Section F, part 1. 
Percent yields were based on the limiting reagent for ketone synthesis (o-LiA). 
Table 22. Tetramethylurea (1 equivalent):o-LiA in various solvents, 25°C, 4 h.* 
mol/eq Equiv. 
o-LiA 
Solvent % Amide % Ketone % Carbinol 
0.03 1 THF 0.0 42.3a 0.0 
0.03 1 THF 0.0 31.7a 0.0 
0.01 3 glyme 5.8 47.4 0.0 
0.01 2 diglyme 8.2 39.2 0.0 
"Yields based on o-LiA as the limiting reagent. 
* Other undeterminable byproducts were present in the final solution. 
Q O 
GC/MS Data for 2,2'-dimethoxybenzophenone (ketone product-): m/z (relative 
intensity) 242 ([M+] 17%), 211 (15%), 135 (100%), 121 (33%), and 77 (43%). 
2b. Reaction of Tetramethylurea with o-LiDMA 
2 M90 o-LiDMA in cyclohexane (5.00 mL, 0.01 mol) was treated with 
tetramethylurea (1.18 mL, 0.01 mol). The order of addition for the two reactions 
undertaken was the same as in Section F, part 2a. THF (10 mL for 0.01 mol, 20 mL for 
0.03 mol) was the only solvent studied. The reactions were run for up to 24 h at 25°C. 1 
mL samples were taken via syringe and quenched with 1 mL deionized water prior to 
workup. No solid formation was observed. The organic layer was analyzed via GC and 
GC/MS and no products were found in the first reaction; however, in the second reaction 
only an unexpected a side product was formed to an extent of about 50%. We were 
unable to assign a structure to this product.97 
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2c. Reaction of Diethylcarbonate with o-LiA 
Various numbers of equivalents of diethylcarbonate relative to those of o-LiA 
were reacted to emphasize production of one of three possible products. Reactions were 
run on a 0.01 mol/equiv. scale with either THF, glyme, or diglyme as solvent. A mixture 
of the appropriate equivalents of diethylcarbonate (1.21 mL, 0.01 mol) and solvent (15 
mL) was added dropwise into a sealed round-bottom flask containing the 2 M90 o-LiA in 
cyclohexane (5.00 mL, 0.01 mol) under nitrogen gas. The reaction was run at 25°C for 4 
h before a 1 mL sample was quenched with 1 mL deionized water. Upon workup, the 
organic layer was analyzed by GC and GC/MS. Uncorrected GC yields determined by 
the formula in Section F, part 1 are listed in Table 23. The reagent used in lesser 
stoichiometric amounts determined the limiting reagent used to calculate percent yields. 
The ester (single substitution) and ketone (double substitution) were not solid products; 
however, upon workup the carbinol (double substitution and an addition) product 
precipitated from solution as a white powder. In cases in which the tris-
(2'methoxyphenyl)methanol was formed (the carbinol product), the reported yields were 
calculated based on the weight of pure, recovered material from quenching the entire 
reaction. This product was dissolved in chloroform and characterized by GC/MS. 
Purification was accomplished by recrystallization with ethanol. Both *H and 13C NMR 
spectra were obtained using CDCI3 as a solvent. 
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Table 23. Diethylcarbonate: o-LiA, 0.01mol/eq., 25°C, 4 h, in various solvents. 
Diethylcarbonate o-LiA Solvent % ester % ketone % carbinol 
5 1 THF 31.7 54.2 0.0 
1 3 THF 8.4 13.8 44.8 
1 3 glyme 0.0 N/A 66.0 
1 3 diglyme 0.0 N/A 81.0 
GC/MS Data for ethvl-(o-methoxy)benzoate (ester product): m/z (relative 
intensity) 180 ([M+] 18%), 135 (100%), 105 (19%), 77 (27%). This material was not 
isolated, therefore no further analysis is reported. 
GC/MS Data for 2.2'-dimethoxybenzophenone (ketone product): m/z (relative 
intensity) 242 ([M+] 16%), 207 (21%), 135 (100%), 121 (33%), 77 (34%). This material 
was not isolated, therefore no further analysis is reported. 
Analytical Data for tris-(2,-methoxvphenyl)carbinol: 93 GC/MS: m/z (relative 
intensity) 350 ([M+] 4%), 334 (8%), 271 (10%), 243 (22%), 135 (100%), 121 (44%), 77 
(22%). 1HNMR: (CDC13) 5 3.5 (s, 9H), 5.45 (s, 1H), 6.89 (m, 6H); 7.18 (d), 7.23 (d) 
[6H], 13CNMR. (CDC13) 5 55.7, 80.5, 112.5, 120.2, 128.3, 129.8, 133.7, 157.5. mp: 
111 - 180°C. Analysis calculated for C19H2204. C, 75.41; H, 6.33; O, 18.26. Found: 
C, 75.37; H, 5.86; O, 16.88. 
2d. Reaction of Diethylcarbonate with o-LiDMA 
Diethylcarbonate was also reacted with o-LiDMA in various solvents. 
Specifically, the reaction was run 10:1 with diethylcarbonate (12.1 mL, 0.10 mol) and 2 
M90 o-LiDMA in cyclohexane (5.00 mL, 0.01 mol). Dry cyclohexane, THF, and MTBE 
68 
were used as the varying solvent systems (15 mL). The reaction was carried out by 
addition of a mixture of o-LiDMA, and the solvent was added dropwise into a nitrogen-
flushed round-bottom flask containing diethylcarbonate. The reaction was run at 25 °C 
for 4 h in a water bath. A 1 mL sample was then quenched with 1 mL deionized water 
before workup. Only the ester product was analyzed in these systems. 
All products produced were contained in the organic layer of the sample. The 
uncorrected percent GC yields, determined using the formula in Section F, part 1, of each 
98 is listed below in Table 24, using o-LiDMA as the limiting reagent. 
Table 24. 10:1 Diethylcarbonate: o-LiDMA, 0.01 mol/eq, 25°C, 4 h, in various solvents. 
Solvent % Ester Product 
cyclohexane 36.7 
MTBE 50.3 
THF 62.3 
GC/MS data for ethyl-(o-dimethylamino)benzoate: m/z (relative intensity) 193 
([M+] 51%)), 164 (100%), 148 (88%), 132 (73%), 118 (65%), 91 (59%), 77 (47%), 44 
(32%). This material was not isolated. 
3. Biphenyl Synthesis 
The o-lithiointermediates used in these reactions were prepared as mentioned in 
Section D, and they were roughly 2 M90 in cyclohexane. Transfer of these reagents was 
accomplished by use of a 12-gauge needle with a glass syringe. All reactions were 
performed in an isothermal water bath at 25°C unless otherwise reported. The order of 
addition for this reaction was a variable, so both methods are described. 
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In the case of reactions in which chlorobenzene (PhCl) was added to the o-
lithiointermediate, the o-lithioarene (5.00 mL, 0.01 mol) was first introduced via syringe 
into a nitrogen-flushed and capped vessel containing a magnetic stir bar. The solvent of 
choice (either cyclohexane, THF, MTBE, TMEDA, or glyme) at 15 mL per 0.01 mol was 
added to the o-lithioarene and placed into a water bath while stirring. The chlorobenzene 
(1.02 mL, 0.01 mol) was added dropwise into the reaction vessel via a 1 mL syringe. The 
reaction was allowed to progress for 4 h, unless otherwise reported. A 1 mL sample was 
quenched with 1.5 mL of 2 M TMSC1 solution in a 10 mL glass vial. This mixture was 
shaken and set aside for 1 h before workup with hexane and sodium bicarbonate solution. 
GC and GC/MS analysis were used to identify products and calculate the uncorrected 
percent yields of products. Again, because accurate measurement of the o-lithioarene is 
difficult due to uncertainty of exact molarity from the washing techniques, the percent 
yields are based on the area of the chlorobenzene peak area as the limiting reagent. 
Tables 25 and 26 show the percent yields of the -TMS product vs. - H product. 
For the reactions with reverse order of addition, the method was similar. The 
correct amount of chlorobenzene was first transferred to a 100 mL round-bottom flask 
with a stir bar inside. The vessel was then capped with a septum, parafilmed, and purged 
with nitrogen gas. This flask was placed into a water bath to stir. Then, in a separate 
nitrogen-purged flask, the correct amount of o-lithioarene was transferred via glass 
syringe into the vessel. The appropriate amount of solvent was added to the o-
lithioarene, and that solution was transferred with a glass syringe drop wise into the 
reaction flask containing chlorobenzene. Reaction time, workup, and analysis were 
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carried out as previously stated. The uncorrected GC yields for the biphenyl reactions are 
listed in the following tables (25 and 26). 
Table 25. Preparation of 2-methoxy-2'-TMS biphenyl: 
o-LiAa added to PhCl in Various solvents at 25°C. 
mol/equiv. Solvent PhCl /-BuLi % TMS (H) product 
Time 
(h) 
0.02 THF 1.0 0.0 49.1M 4 
0.02 THF 1.0 0.0 49.6m 4 
0.02 THF 0.5 0.0 37.2b 4 
0.02 cyclohexane 0.5 0.0 22.9b 4 
0.02 cyclohexane 0.5 0.0 28.0b 4 
0.02 cyclohexane 0.5 0.0 28.lb 4 
0.02 cyclohexane 0.5 0.0 7.5° 4 
0.02 0.2 TMEDA 0.5 0.0 89.9° 4 
0.01 0.1 TMEDA 0.25 0.25 87.4" 4 
0.01 THF 0.25 0.25 45.2b 4 
0.01 THF 1.0 1.0 30.6b 4 
0.01 THF 1.0 1.0 15.6 (59.7)° 3 
0.01 MTBE 1.0 1.0 15.8 (24.4)c 3 
0.01 cyclohexane 1.0 1.0 6.7 (0.0)c 3 
0.02 0.1 TMEDA 0.5 0.0 9.5 (0.0)c 4 
0.01 glyme 0.5 0.0 38.7 (59.7)b 4 
a
 1.0 equivalent o-LiA prepared and enriched as in Section D; PhCl was the 
limiting reagent, except as otherwise noted. 
b
 PhCl added slowly 
c
 o-LiA added slowly 
d
 o-LiA is the limiting reagent 
GC/MS Data for 2-methoxy-2,-TMS biphenyl: m/z (relative intensity) 256 ([M+] 
8%), 241 (62%), 226 (47%), 211 (100%), 165 (16%), 112 (16%), 73 (14%). This 
material was not isolated, and was not found to be a known compound.93 
GC/MS spectra for 2-methoxybiphenvl: m/z (relative intensity) 184 ([M+] 100%), 
169 (57%), 141 (47%), 115 (53%). This is a known compound. 
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Table 26. Preparation of 2-dimethylamino-2'-TMS biphenyl: 
o-LiDMAa added to PhCl in THF at indicated temperature.15 
mol/equiv. Temp. (°C) PhCl f-BuLi 
% TMS (H) 
product 
Time 
(h) 
0.02 25 1.0 0.0 51.8 (16.4)c 1 
0.01 25 0.25 0.0 84.1 (0.0) 4 
0.01 25 0.25 0.25 69.3 (23.1) 4 
0.01 25 1.0 1.0 10.8 (0.0) 4 
0.01 25 0.5 0.5 98.5 (0.0) 4 
0.01 25 0.5 0.25 46.3 (50.4) 4 
0.01 60 0.5 0.5 70.2 (29.8) 4 
0.01 60 0.5 0.25 56.8 (32.8) 4 
0.01 25 L 0.5 0.25 75.3 (15.1) 22 
0.01 25 0.5 0.5 80.6 (0.0) 22 
0.01 0 0.5 0.5 40.0 (25.7) 17 
0.01 0 0.25 0.5 40.6 (39.3) 17 
0.01 25 0.5 0.5 70.6 (0.0) 17 
0.01 25 0.25 0.5 100.0 (0.0) 17 
0.03 25 0.25 0.5 58.4 (0.0) 22 
0.01 25 0.5 0.25 64.5 (0.0) 4 
0.03 25 0.5 0.25 47.0 (0.0) 4 
0.03 25 0.5 0.0 84.5 (0.0) 4 
a
 1.0 equivalent o-LiDMA prepared and enriched as in Section D. 
b
 PhCl added slowly for all reactions, and PhCl limiting reagent unless otherwise 
noted. 
c
 o-LiDMA is the limiting reagent 
GC/MS Data for 2-dimethvlamino-2'-TMS biphenyl: 93 m/z (relative intensity) 
269 ([M+] 22%), 224 (16%), 196 (100%), 181 (49%), 165 (13%), and 73 (16%). This 
material was not isolated. 
GC/MS spectra for 2-dimethylaminobiphenyl: m/z (relative intensity) 197 ([M+] 
100%), 180 (61%), 167 (23%), 152 (32%), 131 (13%), 91 (12%), 77 (10%). This is a 
known compound. 
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4. Derivatives of the 2-dimethylamino-2Mithiobiphenyl 
4a. Diphenylcarbinol derivative 
2-Dimethylamino-2'-lithiobiphenyl was prepared using the same method reaction 
described for the last entry on Table 26. Specifically, chlorobenzene (1.53 mL, 0.015 
mol) was added to a nitrogen-flushed flask containing 2 M90 o-LiDMA in cyclohexane 
(15 mL, 0.03 mol) and 15 mL THF. After 4 h of reaction at 25°C, a 1 mL sample was 
quenched with TMSC1 and analyzed by GC and GC/MS to afford 84.5% 2-
dimethylamino-2'-TMS biphenyl (uncorrected). One-fourth of the reaction mixture (7.25 
mL) was reacted with 3.15 mmol benzophenone dissolved in cyclohexane for 24 h in a 
separate 100 mL round-bottom flask. The reaction was quenched with 10 mL of 
deionized water. A white crystalline product which precipitated from the solution was 
attained. The solution was filtered, and the crude weight of product was 0.747 g (62.6%). 
The crystals were recrystallized using hot toluene. After cooling, the flask was set in an 
ice bath, which resulted in smaller-sized white crystals precipitating from the solution. 
The recovered product weighed 0.598 g (50.1%). Both ]H and 13C NMR spectra were 
obtained, as were CHN analysis and GC/MS data. 
Analytical Data for 2-dimethylamino-2,-diphenylhvdroxvmethvlbiphenyl: 
GC/MS: m/z (relative intensity) 379 ([M+] 70%), 302 (53%), 194 (86%), 181 (58%), 167 
(92%), 105 (100%), 77 (79%). mp 189.0 - 190.5°C. 1HNMR: (CDC13) 5 2.55 (s, 6H), 
6.5 (d, 1H), 6.7 (t, 1H); 6.9 (t), 7.0 (t), 7.1 (d), 7.15 (d), 7.2 (d), 7.3 (m) [14H]; 7.55 (d, 
2H); 8.6 (s, 1H). When D2O solvent was added to the sample tube, the 8.6 ppm signal 
disappeared. l3CNMR: (CDC13) 5 44.0, 117.5, 123.2, 125.9, 126.6, 127.0, 127.7, 127.9, 
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128.3, 130.3, 133.8, 133.9, 138.6, 140.7, 146.4, 147.2, 147.5, 148.9. Analysis calculated 
for C27H25NO: C, 85.45; H, 6.64; N, 3.69. Found: C, 86.18; H, 5.97; N, 3.54. 
4b. Diphenylphosphine derivative 
2-Dimethylamino-2'-lithiobiphenyl was prepared using the same method 
described previously in the last entry of Table 26. Specifically, chlorobenzene (1.53 mL, 
0.015 mol) was added to a nitrogen-flushed flask containing 2 M90 o-LiDMA in 
cyclohexane (15 mL, 0.03 mol) and 15 mL glyme. After 4 h of reaction at 25°C, a 1 mL 
sample was quenched with TMSC1 and analyzed by GC and GC/MS to afford 23.1% 2-
dimethylamino-2'-TMS biphenyl (uncorrected), and a 76.9% H product. A sample (2 
mL, 0.95 mmol) from the reaction was quenched with chlorodiphenylphosphine (0.18 
mL, 1.0 mmol) in a 10 mL glass vial for 4 h. The reaction was worked up with 4 mL of 
deionized water and 3 mL hexanes. A white powder product precipitated from the 
solution. The solution was filtered, and the crude weight of product was 0.103 g (28.4%). 
Therefore, roughly all of the 2-dimethylamino-2'-lithiobiphenyl was converted to the 
phosphine derivative. The product was washed with cyclohexane to dissolve the 
impurities then dried. Both *H and 13C NMR spectra were obtained as was a C, H, N 
analysis. 
Analytical Data for 2-dimethylamino-2'-diphenvlphosphenyl biphenyl: mp: 159 
- 162°C. 'HNMR: (CDC13) 5 0.9 (d), 1.2 (s), 1.8 (s), 7.4 (t), 7.5 (t), 7.6 (t), 7.8 (m), 7.9 
(s). 13CNMR: (CDCI3) 5 31.06, 128.43, 128.53, 128.56, 128.62, 128.625, 129.7, 131.34, 
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131.39, 131.395, 131.60, 131.89, 131.895, 135.35, 135.355, 135.44, 135.445. This is a 
known compound." 
5. Scoping Reactions for Biphenyl Derivatives 
Various o-lithioarene substrates were reacted with chlorobenzene using numerous 
conditions in order to produce other biphenyl derivatives. The 2M90 o-lithioarenes (5 
mL, 0.01 mol) used were o-lithiodimethylbenzylamine (o-LiDMBA), 2-lithio-l,3-
dimethyoxybenzene (2-Li-l,3-DMB), 2-lithio-l,4-dimethoxybenzene (2-Li-l,4-DMB), 
and o-lithio-p-chloroanisole (o-Li-p-CIA). These substrates were reacted with 
chlorobenzene (1.02 mL/0.01 mol) in the mol ratios given in Table 27. For some 
reactions, /-butyllithium (0.5 mL, 5 mmol) was also added. Either cyclohexane or THF 
(15 mL) was used as solvent, and reactions were run at either 25 or 60°C for 4 h. 
Aliquots (1 mL) of the reactions were quenched with H2O (1 mL). The method of 
addition used was the same as in Section F, 3 by adding PhCl slowly to the mixture of all 
other reagents. Uncorrected GC analysis data is listed in Table 27. 
Table 27. Reaction of o-Lithioarene with Chlorobenzene, 0.01 mol/equiv., 4 h. 
o-Lithioarene 
(1.0 equiv.) 
Equiv. 
PhCl 
Equiv. 
f-BuLi 
Temp. 
(°C) Solvent 
% - H 
product 
o-LiDMBA 0.5 0.5 60 THF 76.1 
o-LiDMBA 0.5 0.0 25 THF 68.0 
2-Li-l,3-DMB 1.0 0.0 25 cyclohexane 3.3 
2-Li-l,3-DMB 1.0 0.0 25 THF 68.4 
2-Li-l,3-DMB 0.5 0.0 25 THF 63.8 
2-Li-l,4-DMB 0.5 0.0 25 THF 73.5 
o-Li-p-CIA 0.5 0.0 25 THF 4.2 
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GC/MS Data for 2-dimethylbenzylaminobiphenyl: m/z (relative intensity) 211 
([M+] 32%), 196 (74%), 134 (22%), 105 (100%), 77 (47%), 51 (14%). 
GC/MS Data for 2-methoxy-5-chlorobiphenyl:93 m/z (relative intensity) 218 ([M+] 
67%), 203 (17%), 168 (100%), 139 (41%). 
GC/MS Data for 2,5-dimethoxybiphenyl: 93 m/z (relative intensity) 214 ([M+] 
100%), 199 (77%), 184 (59%), 168 (28%), 139 (20%), 128 (47%), 102 (19%). 
GC/MS Data for 2.6-dimethoxvbiphenvl: 93 m/z (relative intensity) 214 ([M+] 
100%), 199 (20%), 184 (42%), 139 (20%), 128 (33%), 102 (18%). 
III. DISCUSSION AND CONCLUSIONS 
A. Objectives 
The focus of our group's research over the past 10 years has been on the 
developement of hydrocarbon solvents as media for the synthesis of various ortho-
lithiointermediates. Initially, this research concentrated on improving the metalation 
procedures for several selected aryl substrates. Both efficient procedures and revealing 
insights have emerged from these studies. However, while much emphasis has been 
placed on understanding the facets of the first step of DoM, little research has been 
dedicated towards an understanding of the media effects of the second step in DoM, 
namely, the concluding derivatization step. The general goals of this thesis were to (1) 
generate ort/jo-aryllithium intermediates in high yields and purity and (2) investigate 
several aryllithium derivatization procedures. The former was to be accomplished in 
hydrocarbon solvent, while the latter had no particular solvent specification. Generating 
or/Ao-metalated intermediates in purities >95% allowed us to focus on improvement of 
the C-C bond-forming efficiency of several reactions. By investigating a variety of ether 
systems for these derivatizations, the specific goal of this thesis, to demonstrate a lack of 
connection between effective metalation media and subsequent derivatization media, was 
realized. 
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B. Metalation of Anisole and Dimethylaniline 
1. Metalation of Anisole 
The methoxy group is a well-known directing metalation group (DMG).33'34'35'36 
Its ability to selectively undergo metalation in the ort/zo-position can be attributed to 
several characteristics of the DMG. The methoxy group is an electron-withdrawing 
group, which inductively increases the acidity of the ortho-hydrogen. Anisole also 
possesses lone pairs of electrons on the oxygen atom, which readily allows it to 
coordinate to an alkyllithium reagent, making it more likely to successfully undergo 
metalation. Coordination to the alkyllithium further withdraws electron density from the 
ring, providing a selectively enhanced acidity of the or^o-hydrogens. However, these 
lone pairs are available to delocalize into the aromatic ring, resulting in a diminished 
ability of the methoxy group to undergo complexation (Figure 18). This derealization 
slows its ability to effectively self-promote, or deoligomerize, alkyllithiums into their 
more reactive aggregate forms, somewhat explaining its intermediate ranking in directing 
3 3 
ability. Anisole's coordination to an alkyllithium has, however, been proposed to form 
a psuedo four-membered ring transition state which facilitates lithium insertion by a 
proposed agostic effect. 
Figure 18. Derealization of the lone-pair of electrons from oxygen into the 
aromatic ring system. 
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Because the reduction of lone pair electron density on the oxygen atom reduces 
the ability of the anisole to complex to, and therefore deoligomerize, the alkyllithium 
species, catalysts and promoters have been added to the metalation media to facilitate 
reactivity. The known catalysts and promoters utilized possess heteroatoms that have 
localized lone pairs of electrons and are stable in the presence of alkyllithiums. 
Originally ether had been used as a solvent to promote metalation, but for reasons stated 
in the Background section, hydrocarbon systems were explored. 
Two modes of catalysis for the DoM of anisole in hydrocarbon solvents have 
been developed. The first was the use of incremental amounts of TMEDA in 
hydrocarbon solvents to enhance ortho-metalation.27 The second was the study of 
equivalents of THF in hydrocarbon solvent to also enhance ortho-metalation. It was 
inferred by the differences in reactivity that the TMEDA system appeared to be more 
aggressive, or provided a faster rate of metalation, than THF. Although incremental 
equivalents of TMEDA in cyclohexane solvent had already been studied in our group86, 
only large differences in fractional equivalents had been examined (0.0, 0.10, 0.20). 
Maximal or//?o-metalation was afforded using 0.10 equiv. TMEDA, however that amount 
was a relative maximum. Further refinement of the maximal fractional equivalents of 
TMEDA required to more efficiently metalate anisole in hydrocarbon solvent was sought. 
Rate of metalation and percent metalation studies were performed reacting 1:1 
anisole and «-BuLi using incremental amounts of TMEDA in cyclohexane at 60°C. 
Specifically, 0.0, 0.05, 0.10, 0.15, and 0.20 equivalents of TMEDA were investigated. At 
various times in the reaction, 1 mL samples were quenched with TMSC1 for 1 h100 before 
work up with NaHC03(aq) and hexanes. The results of GC analysis (average of 2 runs) are 
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listed in Tables 4 - 8 , and a chart of the data obtained is given below for easier access 
(Figure 19). 
The results of the experimental runs provided insight into refinement of data 
recorded earlier by our group. Primarily, these newer results suggest that a more precise 
maximum for metalation of anisole with TMEDA catalyst is provided with the use of 
0.15 equiv. TMEDA, not the 0.10 equiv. previously found.86 Moreover, it is apparent that 
while the presence of any amount of TMEDA studied contributed to equally increased 
rates of metalation, the extents of metalation varied. Systems containing 0.05, 0.10, 
0 eq TMEDA 
0.05eq TMEDA 
0.1 Oeq TMEDA 
0.15eq TMEDA 
0.20eq TMEDA 
100 = 
2 4 6 8 10 12 14 16 18 20 22 
Time (hrs) 
Figure 19. Production of o-LiA using various equiv. TMEDA. Each plot an average 
of 2 runs. 1:1:0- 0.2 Anisole: ^-BuLi: TMEDA, 0.06 mol/equiv., in total volume 30 
mL cyclohexane, 60°C. 
and 0.20 equiv. TMEDA tended to behave very similarly, w/Zzo-metalating to a 24 h 
yield of approximately 85%, while the slight stoichiometric adjustment to 0.15 equiv. 
80 
greatly improved the overall yield by about 10% on average. This data displays the 
tremendous sensitivity of this system. 
Also, it is noteworthy to mention the observation that anisole demonstrated its 
ability to self-promote ortho-metalation with no additive present. After 24 h, 
approximately 38% o-TMS-anisole was produced. The rate of metalation in Figure 19 
tends to reflect the effect that concentration plays in this system. At times past 2 h, the 
rate of metalation of anisole becomes zero, thus showing the limited ability of anisole to 
undergo substrate-promoted metalation. 
The physical appearance of these reactions has also led to further insights. Once 
the systems above began to initially react, sample uptake within an hour of reaction 
became very difficult. The stirring reaction became very thick with a flocculant 
precipitate, which in some cases caused stirring to cease. The use of a wider-bore needle 
was needed to facilitate sampling. After the reaction had been completed, the sample was 
allowed to sit without agitation. It was discovered that the off-white, opaque solution 
actually contained two distinct phases. An off-white, flocculant precipitate settled to the 
bottom of the reaction flask, separated from the pale, orange transparent supernate 
(Figure 20). The mixture was also centrifuged to separate the phases into two distinct 
layers. 
81 
Figure 20. o-LiA Product in situ. Precipitate either was allowed to settle in the 
reaction vessel (left) or was centrifuged (right). 
Aliquots of each layer were quenched with TMSC1, worked up with NaHC03(aq) 
and hexanes, and analyzed by GC. Analysis revealed that the top, liquid layer (centrate) 
contained exclusively unreacted anisole (100%) and cyclohexane solvent. The bottom, 
precipitate layer contained almost exclusively o-LiA product (99.6%) (Figure 21). 
Centrate: 
1 . 3 4 
_ -.JL 
0 1 . 2 0 1 . 4 0 1 . 6 0 1 SO 2 . 0 0 2 . 2 0 2 . 4 0 2 . 6 0 2 . 3 0 3 .0C 3 . 2 0 3 . 4 0 3 . 6 0 3 . 8 0 4 . 0 0 4 . 2 0 4 . 4 0 4 . 6 0 4 . 8 0 
Gas Chromatograph Data (Agilent 6890N): 
Precipitate' R T. (min) % of Total Area Material 
1.35 0.4 Anisole 
4.48 99.6 o-TMS Anisole
 4 i 8 
1 . 3 5 A 
JO 1 . 2 0 1 . 4 0 1 . 6 0 1 . 8 0 2 . 0 0 2 . 2 0 2 . 4 0 2 . 6 0 2 .8C 3.CC 3 . 2 0 3 . 4 0 3 . 5 0 3 .8C 4 . 0 C 4 . 2 0 4 .4Q 4 . 6 0 4 .8C 
Figure 21. GC spectra of both the centrate (top) and re-slurried precipitate (bottom) of o-
LiA, quenched with TMSC1. 
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2. Metalation of Dimethylaniline 
The dimethylamino group is also a well-known DMG. While DMA's rate of 
ort/zo-metalation is less than that of anisole, the dimethylamino group is still a selective 
directing substituent, possibly attributable to the same basic characteristics as that of 
anisole. The dimethylamino group is an electron-withdrawing group that also possesses a 
lone pair of electrons, which allows it to coordinate to an alkyllithium reagent. Both of 
these characteristics enhance the acidity of the ort/zo-hydrogen. However, the single lone 
pair on the dimethylamino group is more able to delocalize into the aromatic ring than a 
lone pair on the methoxy group, resulting in a comparatively decreased ability to complex 
to the alkyllithium reagent (Figure 22). This derealization further hinders its ability to 
effectively self-promote, or deoligomerize, an alkyllithium reagent into its more reactive 
33 
aggregate forms, somewhat explaining its lower ranking in directing ability. The 
proposed transition state involving formation of a psuedo four-membered ring does, 
however, facilitates H-Li exchange. 
+ + + 
Figure 22. Derealization of the lone-pair of electrons from nitrogen into the aromatic 
ring system. 
Due to the reduction of lone pair electron density on the nitrogen atom, the ability 
of DMA to complex to, and therefore deoligomerize, the alkyllithium species is 
minimized. Therefore, the use of catalysts to promote DoM has been developed for 
DMA systems as well. Our group has studied the use of various incremental amounts of 
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TMEDA in hydrocarbon solvents. Specifically, 0.10 equiv. TMEDA was used as a 
catalyst for a 1:1 reaction of DMA and «-BuLi (2M in cyclohexane) at 60°C in 
cyclohexane solvent to afford a maximal yield of o-LiDMA (about 87%) product as 
measured by the TMSC1 quenching technique.88 The same prep was used for this thesis 
as well, only the concentration of the reaction was changed from 1.33 M to 2 M by the 
used of 10 M «-BuLi in hexanes in order to produce the same concentration of product as 
o-LiA. This slight change in concentration required more initial research. 
Rate of metalation and percent metalation studies were performed by reacting 1:1 
DMA and n-BuLi using 0.10 equiv. TMEDA in cyclohexane at 60°C. At various points 
in the reaction, 1 mL samples were quenched with TMSC1 for 1 h100 before work up with 
N a H C 0 3 (aq ) and hexanes. The results of GC analysis (average of 2 runs) are shown in 
Figure 23. 
It is evident that, by comparison of Figures 19 and 23, the rate of metalation for 
dimethylaniline using TMEDA as a catalyst is slower than that of anisole. The extent of 
metalation of DMA (88 - 95%) is also less than that of anisole (92 - 98%) after 24 h, but 
it is still relatively high. The change in concentration of the reaction also seems to have 
increased metalation yields from those achieved previously (from about 87% to about 
90%).88 
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Figure 23. Production of o-LiDMA. Average of 2 runs. 1:1:0.1 DMA: n-BuLi: 
TMEDA, 0.06 mol/equiv., in a total volume 30 mL cyclohexane, 60°C. 
The solution of o-LiDMA was similar in appearance to that of the o-LiA solution. 
Once the reaction had proceeded to the 2 h point, sample uptake became very difficult. 
The reaction became thick and opaque, and in some instances stirring ceased. The use of 
a wider-bore needle (12-gauge) was needed to facilitate sampling. After the reaction had 
been completed, the sample was allowed to sit without agitation. It was again discovered 
that the yellow-orange, opaque solution actually contained two distinct phases. A 
yellow-orange, flocculant precipitate settled to the bottom of the reaction flask, separated 
from the dark, yellow-orange transparent supernate, just as the o-LiA solution had 
separated in Figure 20. This mixture was also centrifiiged to separate the phases into two 
distinct layers. GC analysis of the bottom precipitate, quenched with TMSC1, provided 
mostly o-TMS-DMA product (90.4%) while the top liquid layer, also quenched with 
TMSC1, afforded mostly unreacted DMA (96.7%) with a little soluble o-TMS-DMA 
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product (3.3%). The o-LiDMA was slightly more soluble in cyclohexane than o-LiA had 
proved to be. 
C. Purification of o-LiA and o-LiDMA 
The insolubility of the o-lithiointermediates led us to conceive a way of purifying 
these products. Because the crystalline precipitates proved to be the o-lithioproduct, it 
would be ideal to filter in order to isolate and purify the dry crystals. Although this 
method would prove optimal due to the solid nature of the material, it was not a tangible 
option due to the lack of equipment needed to handle and transfer these air-sensitive 
materials. Using what resources were available, it was thought that the precipitate could 
be purified inside the reaction vessel. This "washing" technique consisted of removing as 
much of the centrate layer as possible via syringe, and then adding back an equivalent 
amount of pure cyclohexane solvent to keep the concentration of the solutions the same. 
The technique proved successful, improving the overall purity of the o-LiA from 90-95% 
to roughly 98-100% (Table 10, Experimental Section). Using the same washing 
technique in the DMA system purified the o-LiDMA to an extent of roughly 95-98% 
purity (Table 11, Experimental Section). While these results are not as high as those for 
o-LiA, they do increase the purity of this intermediate significantly for further 
derivatization reactions. 
The observation of these precipitates in cyclohexane solvent, although very 
interesting, was not a total surprise. o-LiA, for instance, has been isolated and 
characterized in the literature as a white, pyrophoric powder.101'102'103 The advantage of 
using hydrocarbon solvents in the metalation step of DoM is the ease of obtaining these 
86 
insoluable intermediates, whereas both are readily soluble in aromatic solvents and 
ethers.101 
Also interesting, however, is that two crystal structures have been obtained of the 
o-LiA reagent: one with and one without complexed TMEDA.101 The crystals obtained 
by lithiating methoxybenzene with butyllithium/hexane in the presence of two equiv. 
TMEDA consisted of two centfBsymmetrically related tetrameric units connected 
together by a bridging TMEDA ligand. The crystal structure obtained with no TMEDA 
dissolved in toluene-ds was determined to consist of aggregates built up from four o-LiA 
molecules (a tetramer structure as well). With the addition of two equiv. TMEDA to the 
crystal solution, the tetramer was broken down into a dimeric species. When one 
equivalent pentamethyldiethylenetriamine (PMDTA) was added to the crystal, the 
tetramers broke down into monomers. The crystals in a pure THF solvent were found to 
possess a dimeric structure. 
But, how does this structural data pertain to the goals of this thesis? Essentially, 
information on the structure of organometallic compounds in the solid state and in 
solution will contribute to the understanding of their reactivity. By knowing that the o-
lithiointermediates themselves can be deoligomerized, just as the alkyllithiums reagents 
can, studying the reactivity of aryllithium intermediates in more polar solvent systems 
will provide valuable information regarding the concept of a lack of media connection 
between the metalation step and subsequent derivatization step in DoM to afford maximal 
reactivity. Structure correlates with reactivity, and while it has been shown that solid-
state structures of these aryllithium intermediates are modified by the presence of 
additives, solution structure/reactivity relationships have yet to be established.104 The 
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purification of both o-LiA and o-LiDMA has facilitated the study of several different 
derivatization reactions to help establish such a relationship. 
D. Scoping Metalations 
The DoM of dimethylbenzylamine (DMBA)88, 1,2-dimethoxybenzene (1,2-
DMB), 1,3-DMB, 1,4-DMB89, and /7-chloroanisole (p-CIA)41 were all accomplished in 
hydrocarbon solvents using metalation procedures or modifications thereof previously 
described by our group. 2-TMS-DMBA was generated in 95.0% and 90.0% GC yields 
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using 1 equiv. MTBE as catalyst, results consistent with those previously reported. The 
reaction formed an off-white precipitate that, when left to settle, separated from the clear 
orange supernate. 1,2-DMB produced a thick, orange, sticky solid after 24 h of 
metalation with both 1 equiv. THF and 0.1 equiv. TMEDA as catalyst. A 70.0% 
uncorrected GC yield of 3-TMS-1,2-DMB was produced.89 This was slightly lower than 
previous values recorded.89 DoM of 1,3-DMB, using 1 equiv. THF and 0.1 equiv. 
TMEDA, afforded a 92.7% uncorrected GC yield, slightly higher than previously 
reported.89 The reaction formed a pale yellow opaque liquid. Metalation of 1,4-DMB, 
catalyzed by 1 equiv. THF and 0.1 equiv. TMEDA, provided a clear brown solution 
affording both 83.2% and 79.0% uncorrected GC yields of 2-TMS-1,4-DMB upon 
trapping the o-lithiointermediate with C1TMS.89 DoM of p-C\A, catalyzed with 1 equiv. 
THF, produced a dark brown/black solution, affording both 91.3% and 94.2% 
uncorrected GC yields of the TMS derivative, slightly higher than previously 
reported.32'105 
These substrates were not chosen for investigation of either rate or extent of 
orf/zo-metalation. These o-lithiointermediates generated were also not subjected to purity 
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improvement studies. The sole purpose of these metalations was to afford a variety of o-
lithiointermediates to be used for scoping derivatizations. 
E. Derivatizations 
1. Addition Reactions 
As previously discussed in the Background Section of this thesis, one of the 
greatest concerns in the synthesis of alcohol derivatives via nucleophilic addition to 
carbonyl compounds is the extent of enolization in the carbonyl compound. The o-
lithiointermediates generated in the first step of DoM serve not only as excellent 
nucleophiles, but also as the strongest of bases due to the anionic nature of the lithiated 
carbon. The a-hydrogens of enolizable ketones or aldehydes are relatively acidic; 
therefore introduction of such compounds into strongly basic media could potentially 
cause unwanted base-catalyzed condensation reactions. In these instances, the ketones or 
aldehydes condense to form a bimolecular product. 
To prevent this problem, some studies suggest the deuteration of enolizable 
hydrogens to slow down or possibly prevent enolization via a kinetic isotope effect.63 
Although this does prove to have a beneficial effect on product yields, the extra steps 
involved in inserting and then removing the deuterium atom do lengthen synthetic 
pathways. As this approach has already been investigated69, a different, more convenient 
strategy was needed to afford decreased yields of self-condensation products (SCP) while 
increasing overall yields of the desired alcohol products. 
Descriptions of the use of cesium salts in organic reactions has grown 
considerably in the recent literature, due to the popularity of the so-called "cesium 
effect." Cesium has been proven synthetically useful in masking "naked anions" in 
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various media due to the large size and charge of this ion. Cesium salts, however, are 
very hygroscopic, and typically solubility is minimal in polar, aprotic solvents. However, 
the idea of using cesium salts in less than stoichiometric amounts to address the problems 
associated with enolizable ketones in DoM conditions proved attractive. 
Cesium fluoride was chosen to help address the aforementioned problems. The 
site of addition in DoM condensation reactions occurs at the electrophilic carbon atom of 
the carbonyl. The inherent polarity of this carbonyl group is attributed to the 
electronegativity of the oxygen atom, which also possesses two lone pairs of electrons. 
Both of these characteristics lend to the presumption that the oxygen atom could 
potentially associate with a bulky cesium cation in solution, while the carbon atom of the 
carbonyl becomes loosely associated with its counter-ion, fluoride (Figure 24), but this 
association is not known. The association of the cesium cation to the oxygen atom would 
be advantageous in that the carbonyl double bond would become more polarized due to 
the increased electron density surrounding the oxygen atom, stabilized by the cesium 
cation. In this manner, a more efficient electrophilic carbon would be generated, which 
would enhance the addition of the o-lithiointermediate. Fluoride was chosen as an 
appropriate counter-ion for cesium to minimize potential hindrance around the 
electrophilic carbon. Another advantage of the presence of the cesium ion would be the 
potential suppression of a-hydrogen migration due to the cesium cation occupying the 
position of which the enol hydrogen would occupy. This reasoning suggested that the 
extent of the production of the self-condensation side product should be reduced by the 
presence of fractional equiv. of CsF. 
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Figure 24. Proposed association of CsF with the carbonyl group of a ketone. 
Also considered to maximize percent addition yields while minimizing SCP was 
the order of addition used in the condensation reactions. Basically, two main options 
were available for addition. Either the o-lithiointermediate could be added to the 
carbonyl substrate, or the carbonyl substrate to the lithiated arene. The latter was chosen 
due to the assumption that if a minimal amount of the electrophile was surrounded by a 
great deal of nucleophile, the reaction would favor addition to the carbonyl rather than 
self-condensation based simply on a competitive concentration effect. Also inferred from 
this reasoning was that the addition of the electrophile needed to be dropwise to enhance 
this effect. Solvent was added to the electrophile prior to addition to minimize the 
concentration of each drop of substrate. When CsF was used in the reaction, it was added 
to the solvent first (for dissolution purposes), and then the electrophile was added to this 
mixture to allow pre-association of the cesium to the carbonyl. 
la. Reaction of Benzaldehyde with o-LiA 
Benzaldehyde was chosen as a benchmark electrophile in this series of addition 
reactions. Because benzaldehyde possesses no enolizable a-hydrogens, these reactions 
were performed as background studies prior to a series of enolizable ketone reactions. 
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However, the cesium fluoride could possibly affect the overall yield of this nucleophilic 
addition by effectively polarizing the carbonyl group (Figure 25). 
OMe 
H. . 0 
1) various equiv. OMe OH 
Li A CsF, THF 25°C, 1 h 
2) H20, 
workup 
Figure 25. Reaction of o-LiA and benzaldehyde. 
The effect of cesium fluoride was studied by varying 0.0, 0.1, and 0.3 equiv. of 
the salt with 1:1 equiv. o-LiA and benzaldehyde (1 M solutions). The first step in DoM 
used cyclohexane as a solvent for the reaction. However, CsF is not soluble in 
hydrocarbon solvents, but is readily soluable in polar protic solvents. These solvents are 
obviously avoided in DoM reactions due to their neutralization of the o-
lithiointermediates. Therefore, the use of polar aprotic solvents was tested with CsF and 
found to afford some dissolution. THF, a popular organic solvent, was used to dissolve 
the CsF. Stirring and heating increased the dissolution of the salt; however, with larger 
ratios of cesium fluoride not all of the salt was soluble in the volume of THF utilized. 
This occurred with the use of 0.3 equiv. CsF (3 mmol, 0.45 g). Although the 15 mL of 
THF may not have dissolved the entire amount of salt, the slurry of saturated solvent and 
undissolve CsF was entirely transferred into the reaction vessel along with the 
benzaldehyde in the mixture. 
The results, listed in Table 12 of the Experimental Section, are somewhat telling. 
The reaction of benzaldehyde with o-LiA in THF (about 0.5 M) gave a very high 
uncorrected GC yield of 93.3%. This addition reaction proved to be very efficient on its 
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own. Introducing 0.1 equiv. CsF to the mixture gave varying results. Initially, the 
reaction afforded only a 78.2% yield of product, significantly lower than the prior result 
with no added CsF. The same reaction was then attempted with 0.3 equiv. CsF, only to 
produce about the same results of 79.4% addition product. It was then thought that the 
hygroscopic nature of CsF could be compromising the reaction yields. Therefore, 
increased precautions were taken when handling the salt to prevent hydration of water. 
The reagent was stored in a dessicator until it was needed for preparation, and in these 
cases measurements and transfers were quickly done, housing the reagent in a nitrogen-
flushed flask after addition to the THF. With these changes implemented, another 
reaction was repeated using 0.1 equiv. CsF in THF. This time, the reaction yield was 
increased to 94.8% yield alcohol product, about the same as the identical reaction with no 
CsF present. GC/MS data supported the identity of this product with an M+ of 214. 
The conclusion was reached that the CsF had little, if any, effect on such addition 
reactions of carbonyl compounds lacking enolizable hydrogens. Whether or not the 
cesium was associating with the oxygen atom could not be determined from this data. 
However, this reaction was chiefly run as a background addition reaction due to the lack 
of enolizable hydrogens in benzaldehyde. Addition of a lithiated arene to this type of 
electrophile is generally successful.63 The question remained as to the suitability of this 
protocol for the addition to carbonyl compounds containing enolizable hydrogens. 
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lb. Reaction of Cyclopentanone with o-LiA 
OMe 
Li 
1) various 
equiv. CsF 
solvent 
2) H20, 
workup 
Alcohol Product Self-Condensation 
Product (SCP) 
Figure 26. Reaction of cyclopentanone with o-LiA. 
The nucleophilic addition of o-LiA to cyclopentanone is not as straight forward 
(Figure 26). o-LiA not only reacts as a nucleophile, but due to the anionic nature of the 
lithiated carbon, it also reacts as a strong base. Cyclopentanone is an electrophile that has 
enolizable a-hydrogens, which are relatively acidic.106 The basic nature of this reaction 
can cause an undesired side reaction in which two molecules of cyclopentanone condense 
(Figure 27). This side reaction, unless prevented, can cause a significantly decreased 
yield of product, not to mention the added effort needed to separate the desired material. 
Therefore, studies were performed at several temperatures with cyclopentanone and o-
LiA in different etheral solvents containing various fractional equiv. of CsF. 
H20 
SC Product 
Figure 27. Self-condensation (SC) reaction of cyclopentanone in basic media. 
In initial studies with cyclopentanone, THF was used as the solvent. Reactions 
were run with either 0.0, 0.1, 0.3, 0.5, or 0.75 equiv. CsF at temperatures of either 0°C, 
25°C, or 45°C. Percent yields of each reaction were reported in Tables 13 - 15 in the 
Experimental Section, and a summary of the results is pictured in Figure 28. Initially, no 
self-condensation products were recorded, only percent alcohol yields. 
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Figure 28. Percent l-(2-methoxyphenyl)-l-cyclopentanol product (uncorrected GC 
yields) vs. equiv. CsF at various temperatures in THF. (1:1 ratio reactants, 1 M in 
THF/cyclohexane media.) 
It was concluded from this data that variation in temperature had little effect 
overall on the reaction. Percent product with no addition of CsF averaged in the low 40% 
range for the different temperatures. Addition of CsF slowly increased yields up to about 
55%. However, it seems that although the addition of CsF did have an effect on the 
overall reaction yield of desired product, the increased yield plateaued at 0.3 equiv. CsF. 
With equiv. CsF in THF greater than 0.3, not all of the salt was soluble. Although 
undissolved CsF was transferred into the reaction vessel, little effect was noted on the 
reaction yields. 
More than just the percent yield was of interest in this study, however. Whether 
CsF had any effect in the suppression of the self-condensation (SC) reaction was also 
important. A comparison of percent product vs. SC product in given in Figure 29 for 
reactions at 25°C. It is obvious from the graph that as CsF is added to the reaction, yields 
increase as percent SC product decreases up to 0.3 equiv. CsF. 
Equiv. CsF 
Figure 29. Percent alcohol addition product (uncorrected GC yields) vs. percent SC 
product for the reaction of o-LiA and cyclopentanone promoted by various equiv. CsF in 
THF at 25°C. (1:1 ratio of reactants, 1 M in THF/cyclohexane media.) 
With this insight, it was thought that if more CsF could be dissolved into the 
solution, more alcohol product could be afforded. Therefore, use of more polar solvents 
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was needed. THF was an ether solvent with one oxygen atom. By switching to glyme 
(CH3OCH2CH2OCH3), more solvation of CsF would occur due to the fact that it was a 
diether.107 Diglyme (CH3OCH2CH2OCH2CH2OCH3), a solvent containing three ether 
functional groups, was also investigated. Results of these studies are given in Table 16 of 
the Experimental section, but a summarized chart of the data is given in Figure 30 below. 
All subsequent reactions were run at 25°C. 
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Figure 30. Percent alcohol product (uncorrected GC yields) vs. SC product in reactions 
of 1:1 o-LiA: cyclopentanone promoted by CsF in various ether solvents (1 M solutions) 
at 25°C. 
Changing solvent systems from THF to glyme without the use of CsF 
dramatically improved the extent of o-LiA addition to cyclopentanone. Product yields 
increased from about 40% in THF to almost 80% in glyme. The percent SC product, 
however, increased slightly with the solvent change (from about 4% in THF to 7% in 
glyme). With the use of 0.3 equiv. CsF in both solvents, the product yields were about 
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60% in THF and almost 80% in glyme. The SC products in each system were reduced to 
0% in THF and approximately 4% in glyme. So, while the addition of CsF in the THF 
solution improved reaction yields while also suppressing SC product yields, its use in 
glyme solvent did not afford any higher product yields, but did help decrease the SC 
product. 
CsF was slightly more soluble in glyme than in THF.107 Therefore, diglyme was 
also used to try and dissolve more of the CsF. However, only a slight increase in 
solubility was observed, and some of the CsF was still insoluble. Diglyme was shown to 
afford much higher yielding reactions (about 92%) than either THF or glyme without the 
addition of CsF, while only affording about 1% SC product. When 0.3 equiv. CsF was 
added to the solution, yields dropped slightly to around 85% and SC product was totally 
absent from the reactions. 
Several conclusions can be drawn from the above observations. First, the 
temperatures studied had little to no effect on the reaction yields. Also, in THF and 
glyme systems, a benefit in product yields was realized with the use of 0.3 equiv. CsF. 
Self-condensation product yields were also decreased with the addition of the salt. The 
addition of o-LiA to cyclopentanone in glyme was more efficient than in THF solvent. 
However, when the reaction was run in diglyme solvent without the use of CsF, minimal 
production of the SC product occurred while maximal product yields were realized. This 
data reflects indeed that the hydrocarbon media used for effective generation of o-
lithiointermediates is not as efficient for the derivatization step. 
To further verify the structure of the product of this reaction, l-(2-
methoxyphenyl)-cyclopentanol was isolated via column chromatography using a 0 - 15% 
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mixture of hexanes/ethyl acetate. Both the 'H and 13C NMR spectra of this pale yellow 
oil provided data to support the proposed structure. The !H NMR gave the appropriate 
multiplet signals at 1.75 and 2.0 ppm, assigned to the hydrogens alpha and beta to the 
tertiary carbon, along with a broad singlet at 3.62 ppm assigned to the hydrogen of the 
alcohol substituent. Aromatic 'H signals were also present. The 13C NMR also affirmed 
the product structure, providing 6 aromatic carbon signals (111-157 ppm), along with 
four additional signals, notably a carbon attached to oxygen at 82.74 ppm. The GC/MS 
also provided supporting data for the compound by containing the correct molecular 
weight of 192 (M+) as well as an m/z of 174 (M+-18) provided by the loss of H2O. Due 
to the textbook nature of this type of reaction, however, it is generally accepted that only 
the products mentioned would typically be produced. Therefore, only this product in this 
series of addition reactions was isolated to confirm that the reaction pathway assumed 
and analyzed via GC/MS was correct. 
lc. Reaction of o-LiDMA with Cyclopentanone 
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Figure 31. Reaction of o-LiDMA with cyclopentanone. 
The nucleophilic addition of o-LiDMA to cyclopentanone was also studied 
(Figure 31). It was considered that this reaction system, although very similar that for o-
LiA, might behave somewhat differently. The dimethylamino group of o-LiDMA is less 
inductively e-withdrawing than is the methoxy group of o-LiA due to the difference in 
electronegativity of the heteroatoms. Therefore, the ortho-etnion of o-LiDMA is less 
inductively stabilized than that in o-LiA. o-LiDMA, then, is assumed to not only be the 
more reactive of the two nucleophiles but is also considered to be the more basic arene. 
Also different are the steric effects in the two nucleophiles. Due to the extra methyl 
group on o-LiDMA, its nucleophilic site is slightly more sterically hindered than that in 
o-LiA. Whether any of these characteristics would effect the addition was not initially 
known. Studies of 1:1 o-LiDMA: cyclopentanone in various ether solvents at 25°C were 
performed. Data from these reactions is listed in Table 17 of the Experimental section. 
A summary of the results is depicted in Figure 32. 
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Figure 32. Percent alcohol product (uncorrected GC yields) vs. SC product in reactions 
of 1:1 o-LiDMA: cyclopentanone promoted by CsF in various ether solvents (1 M) at 
25°C. 
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The reaction of o-LiDMA and cyclopentanone in THF solvent afforded 61.3% 
alcohol product, but also produced 14.5% SC product. Comparing this reaction to the 
equivalent reaction with o-LiA (about 39% product, 4% SC product), the o-LiDMA did 
indeed seem more reactive as a nucleophile, determined by the percent product afforded. 
It also seemed to behave more aggressively as a base than o-LiA, as this reaction 
generated more SC product. From this data, the same reaction was carried out in glyme 
solvent with the addition of 0.3 equiv. CsF. This reaction proved more successful than 
the prior, yielding about 70% alcohol product while suppressing the SC product 
completely. However, compared to yields with this system using o-LiA, the extent of 
addition in this system was not as great. Solvating the reaction with only diglyme did 
increase the overall yield of product, while providing a complete absence of SC product. 
However, when CsF was added to the system, the product yield drastically decreased 
along with a major increase in SC product. This outcome echoes the results with the 
previous nucleophile in that diglyme, again, proved to be the more efficient solvent for 
addition; but, when combined with CsF, its effects were diminished. The identity of the 
product was supported by GC/MS, affording an M+ of 205 and an m/z of 187, reflecting 
the loss of H2O. 
Although no attempts were made to investigate the lack of a cesium effect, some 
speculation can be made. When cesium fluoride is dissolved in a more coordinating 
solvent such as diglyme, it associates with all of the oxygen atoms on the solvent. This 
effect could hinder the coordination to the carbonyl oxygen, leaving accessible the a-
hydrogens of cyclopentanone for abstraction by the o-lithioarene. This hindrance is only 
one possible explanation for this data; no evidence for any actual association of cesium is 
demonstrated. 
Id. Scoping Derivatizations with Cyclopentanone 
Other various o-lithioarenes were reacted with cyclopentanone to afford a range 
of alcohol products. o-Li-dimethylbenzylamine (o-LiDMBA), o-Li-/?-chloroanisole (o-
Li-/?-ClA), and 2-Li-l,4-dimethoxybenzene (2-Li-l,4-DMB) were used as the various 
nucleophiles. The conditions used in all of these reactions were the same as those 
optimal conditions found for o-LiA and o-LiDMA at the time they were performed. The 
reaction of 1: 1: 0.3 o-lithioarene: cyclopentanone: CsF was carried out in glyme at 25°C 
for 6 h. For these scoping investigations of other o-lithiointermediates, neither THF nor 
diglyme media were utilized. Data for these reactions is given in Table 18 of the 
Experimental section, but results are also summarized in Figure 33. 
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Figure 33. Percent alcohol product (uncorrected GC yields) vs. percent SC product in 
1:1 reactions of various o-lithioarenes and cyclopentanone promoted by 0.3 equiv. CsF in 
glyme (1 M)at25°C. 
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Initially, the reaction with o-LiDMBA afforded only a 20.1% yield. Due to the 
low yield, two additional reactions were run providing both 77.0% and 77.7% yields. 
Because the latter were more successful, the low yield of the first reaction was discounted 
and only the similar higher-yielding reactions were used in constructing Figure 33. The 
SC product of this reaction was low (6.2%). The GC/MS data confirmed the production 
of this product, affording an M+ of 219, an m/z of 201 reflecting the loss of H2O, and an 
m/z of 91 perhaps representing the tropylium ion. 
In contrast, the results of the o-Li-p-CIA run provided a considerably lower yield 
of product (53.7%) while affording a significantly higher amount of SC product (19.7%). 
This was the lowest yielding reaction of the series. Perhaps the addition of a second, very 
strong electron-withdrawing substituent on the arene decreases the reactivity of the 
nucleophile. The GC/MS data confirmed the identity of this compound, showing an M+ 
of 226 and an m/z of 208 (M+-18). 
Finally, the reaction with 2-Li-1,4-DMB was very successful using these 
conditions. The reaction afforded an 89.5% addition product, as well as no SC side 
product. It is concluded from this data that other o-lithioarenes benefit from these 
addition reactions in glyme, but that not all nucleophiles react to the same extent. 
Synthesis of this product was confirmed by GC/MS, affording an M+ of 222 and an m/z 
of 204 reflecting the loss of H2O. 
le. Reaction of Cyclohexanone with o-LiA 
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Figure 34. Reaction of o-LiA with cyclohexanone. 
Next in the series of addition reactions was the reaction of o-LiA with 
cyclohexanone (Figure 34). One would expect that cyclohexanone would possess less 
enol characteristics than would cyclopentanone due to the rapid interconversions of its 
chair conformation hindering the proper conformation for a-hydrogen migration. 
However, cyclohexanone is reported as having more than a magnitude more enol content 
that cyclopentanone.106 With this fact, it would be anticipated that a greater amount of 
self-condensation and a lower amount of nucleophilic addition would be realized than 
with cyclopentanone. Therefore, the reactions of cyclohexanone and o-LiA in various 
solvent systems with and without 0.3 equiv. CsF were investigated. Results of these 
reactions are found in Table 19 of the Experimental section, and they are also 
summarized in Figure 35. 
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Figure 35. Percent alcohol product (uncorrected GC yields) vs. SC product in 1:1 
reactions of o-LiA and cyclohexanone in various solvents at 25°C. 
An interesting background reaction was run with this series of additions. Just as 
the lithiation of anisole was run in cyclohexane solvent, so was the subsequent 
derivatization reaction. This made for an interesting study because it better demonstrated 
the goals of this thesis. Generally, DoM syntheses are performed as one-pot reactions 
with no purifications or solvent changes made. For the derivatization in cyclohexane 
with no added CsF, 78.1% product was afforded, as well as 4.3% SC product. However, 
when the solvent was changed to THF with still no CsF, a greater yield of product 
(83.5%) was realized while the amount of SC product remained about the same (5.8%). 
Switching to glyme solvent with no CsF provided an even more efficient reaction (91.7% 
product) while also keeping SC products low (3.6%). When 0.3 equiv. CsF was added to 
the reaction with glyme, the product yield remained constant (92.2%) while production of 
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SC product was completely suppressed. The identity of this product was supported by 
GC/MS data, giving an M+ of 206. 
It was concluded from this data that by changing the electrophile from 
cyclopentanone to cyclohexanone, the addition of o-LiA became suprisingly more 
efficient comparatively in each of the various media. The percent SC product, however, 
was almost equal that of the cyclopentanone system (around 5% without CsF). This data 
was inconsistent with the reported enol percents of the two ketones. The addition of CsF 
to the glyme solvent provided the best conditions for higH product yield and no SC 
product yield. This data again reflects the lack of a solvent connection between the two 
steps of the DoM protocol for maximum overall efficiency. 
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Figure 36. Reaction of o-LiDMA with cyclohexanone. 
When o-LiDMA was reacted with cyclopentanone, significantly more SC product 
was formed in the THF systems than was formed with o-LiA. This was explained by the 
fact that o-LiDMA was a stronger base than was o-LiA, therefore it was more able to 
promote self-condensation. In the reaction of o-LiDMA with cyclohexanone (Figure 36) 
this effect was expected to be somewhat increased due to the increase in enol content 
reported for cyclohexanone106, as previously discussed. Although o-LiDMA was also 
considered to be the more reactive nucleophile of the two substrates, it was surmised that 
the possession of an additional methyl group ortho to the anionic carbon slightly hindered 
its ability to undergo addition. Reactions of cyclohexanone and o-LiDMA with or 
without addition of CsF in either THF or glyme was studied to address the proposed 
effects. Results of these reactions are listed in Table 20 in the Experimental section, and 
the data is also depicted in Figure 37. 
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Figure 37. Percent alcohol product (uncorrected GC yields) vs. SC product in 1:1 
reactions of o-LiDMA and cyclohexanone in various ether solvent systems at 25°C. 
The nucleophilic addition of o-LiDMA to cyclohexanone in THF with 0.3 equiv. 
CsF afforded about a 79% yield of alcohol product and no SC product. Replacing this 
reaction with glyme as the solvent provided an increase in yield to about 85% addition 
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product with a small amount of SC side product (0.4%). With addition of 0.3 equiv. CsF 
to this system, the reaction mimicked the yields of the THF system. GC/MS data 
supported the identity of the alcohol product by affording an M+ of 219, an m/z of 201 
reflecting the loss of H2O, and an m/z of 91 from the tropylium ion. 
Several conclusions can be drawn from this data. First, the amount of SC product 
produced in the above reactions was either minimal or nil. This data is also inconsistent 
with data reported about the percent enol content of cyclohexanone vs. that of 
cyclopentanone. Also telling is the fact that the o-LiDMA reaction with cyclohexanone 
afforded a less extent of addition than did the same reaction with o-LiA. This goes 
against the supposition that o-LiDMA was the more aggressive of the two nucleophiles, 
but lends more credibility to the possibility of steric hindrance preventing successful 
addition to the electrophile. Overall, little difference in percent yields were provided for 
each system, and the addition of these substrates proved moderately efficient. 
lg. Reaction of 3-pentanone with o-LiA 
OMe 1) various equiv. CsF 
solvent 
OMe OH 
2) H20, 
workup Alcohol 
Product 
Self-Condensation 
Product (SCP) 
Figure 38. Reaction of o-LiA with 3-pentanone. 
The final variation in the series of nucleophilic additions was the study of addition 
of o-LiA to 3-pentanone, an acyclic symmetric ketone (Figure 38). Of the carbonyl 
1 0 8 
compounds studied, this substrate had an enol content comparable to that of 
cyclopentanone, i.e., about an order of magnitude less than to that of cyclohexanone. 
Therefore, this reaction was expected to afford less SC side product than cyclohexanone 
while also providing greater addition product yields. Data for these reactions in various 
media is listed in Table 21, and it is also depicted in Figure 39. 
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Figure 39. Percent alcohol product (uncorrected GC yields) vs. SC product in 1:1 
reactions of o-LiA and 3-pentanone in various ether solvent systems at 25°C. 
The results of the addition of o-LiA to 3-pentanone in either THF or glyme 
solvent with or without 0.3 equiv. CsF are very similar to one another. The percent 
yields of product ranged only from 89.9 - 94.7% over all of the systems. No SC product 
was produced in any of the solvent systems. GC/MS spectra support the synthesis of this 
alcohol product by providing an M+ of 194 and an m/z of 176 reflecting the loss of H20. 
• % Alcohol Product 
• % SC Product 
THF THF (0.3 CsF) glyme glyme (0.3 CsF) 
Solvents 
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The conclusions drawn from this data are that (1) 3-pentanone is a very efficient 
electrophile in DoM and (2) this data is consistent with reported values of enol content in 
3-pentanone vs. cyclohexanone.106 Changes in the media did not effect the overall 
efficiency of the reaction. 
lh. Conclusions of the Nucleophilic Addition Reactions 
Several conclusions were gathered from the addition reactions studied. First, it is 
obvious in most of the systems that there was definitely a media effect on overall yields 
for both the addition product and the SC product. Generally, glyme proved to be the 
more effective solvent, most likely due to its higher polarity than both THF and 
cyclohexane. However, in studies using diglyme as a solvent, it proved to be the most 
efficient. THF systems usually afforded the least percent product yields. The use of CsF 
in saturated amounts (0.3 equiv.) did prove to suppress SC products mainly in THF 
media, and in some systems it supported an increase in product yield. Extents of 
enolization for each of the ketones correlated will with the addition yields realized106. 
Cyclopentanone provided the greatest yields in SC product among the different systems, 
with cyclohexanone next, and 3-pentanone affording none. A run in cyclohexane affored 
a lower yield. All in all, the general concept of a lack of solvent connection between the 
two steps of DoM was realized. 
2. Tetramethylurea and Diethylcarbonate Reactions 
Initially, both tetramethylurea and diethylcarbonate were chosen as electrophiles 
for the derivatization step of DoM to afford either the ortho-ester or ortho-amide 
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compounds via substitution of an or/Zzo-lithiointermediate. Both the ester and amide 
functional groups are very common aryl compound substituents. However, just as the 
urea and carbonate groups are reactive towards nucleophiles, so are the ester and amide 
groups, which provide an electrophilic carbon available for further reaction. 
Nucleophiles such as Grignard reagents are well known to effect substitution reactions 
with either esters or amides, which also undergo a subsequent addition reaction to afford 
a tertiary alcohol product. In the same way that these nucleophiles react, it is expected 
that the o-lithiointermediates will also react to form the ester or amide (via a single 
substitution of the nucleophile), the symmetric ketone (via a double substitution of the 
nucleophile), and the carbinol (via a double substitution and an addition of the 
nucleophile). It was therefore the goal of this research to provide each of these 
compounds by adjusting the stoichiometric equivalents of o-lithiointermediate added. 
2a. Reaction of Tetramethylurea with o-LiA 
Figure 40. Reaction of tetramethylurea with o-LiA. 
The reaction of o-LiA and tetramethylurea was anticipated to form a mixture of 
amide (single substitution), ketone (double substitution), and carbinol (double 
substitution and an addition) products (Figure 40). It was presumed that by varying the 
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equivalents of o-LiA added to the reaction, it would be possible to synthesize one of the 
products selectively over the others. Various equivalents of o-LiA (either 1, 2, or 3 
equiv.) were reacted with one equivalent of tetramethylurea in various solvents at 25°C (1 
M solutions). Uncorrected GC yields of the products are listed in Table 22 of the 
Experimental section. In reactions using excess tetramethylurea to form the ketone 
product, the o-LiA was used as the limiting reagent for percent yield calculations. 
The 1:1 reactions of o-LiA and tetramethylurea in THF media provided no ortho-
amide product. The 2,2'-dimethoxybenzophenone (ketone) product was afforded in both 
42.3% and 31.7% uncorrected GC yields, based on o-LiA as the limiting reagent. No 
carbinol product was generated. The reaction was repeated to confirm these results. 
However, several other unidentifiable side products were produced in small yields, but 
these products were not further examined. 
A 3:1 reaction of o-LiA and tetramethylurea was also studied in glyme solvent at 
25 °C to attempt stoichiometric production of the carbinol product. In this reaction, a 
small amount of ortho-amide product was produced (5.8% uncorrected GC yield), and 
several small unidentifiable derivatives were present in the GC/MS spectra as well. The 
ketone product was produced in 47.4% yield with tetramethylurea as the limiting reagent. 
No carbinol product was afforded by this reaction. Even with the use of triple the amount 
of o-LiA and the use of glyme as solvent, not much of an improvement was seen in the 
percent ketone product. 
Finally, a 2:1 reaction of o-LiA and tetramethylurea was run in diglyme at 25°C. 
This reaction was run in an attempt to afford the ketone product by use of stoichiometric 
equivalents of reactants. Diglyme was used to increase the solvent polarity in the 
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reaction. However, even with these changes, the reaction afforded only 39.2% 
uncorrected GC yield of the ketone product, along with a small extent of amide 
production (8.2%). No carbinol derivative was synthesized. Once again, several 
unidentifiable side products were afforded in relatively small yields. GC/MS spectra 
confirmed the synthesis of the ketone derivative, affording an M+ of 242 and an m/z of 
77, characteristic of aromatic rings. 
There are few insights to be drawn from this data. First, the solvent used seemed 
to have little effect on the production of any of the three products. The ketone derivative 
was afforded in moderate yields for the four reactions attempted. Very little amide 
derivative was produced in reactions with glyme and diglyme media, while none was 
produced in the THF media. Although no carbinol derivative was produced, several 
other unidentifiable products were generated in small yields. Identifying these 
insignificant products proved difficult. However, it was inferred that many of these side 
products were decomposed products and starting materials. Although this method was 
unsuccessful for the production of ortho-amides or symmetric carbinols, it did afford 
symmetric ketones in modest yields. The yields reported for each of the reactant ratios 
are very close, but there is a slight increase in ketone product as the amount of o-LiA is 
increased from 1 to 3 equivalents. These results were very surprising, and the system 
proved to be quite difficult in practice compared to the simplicity of reaction in theory. 
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2b. Reaction of Tetramethylurea with o-LiDMA 
NMe2 O NMe2 NMe. O NMe, mu» OH 
Li + 
Me2N NMe2 
X 
o 
NMe, + 
amide ketone carbinol 
Figure 41. Reaction of tetramethylurea with o-LiDMA. 
The reaction of tetramethylurea with o-LiDMA was also assumed to potentially 
produce three products (Figure 41). The single substitution of o-LiDMA would produce 
the ortho-amide product; a double substitution of o-LiDMA would afford the symmetric 
ketone product; an addition of o-LiDMA to the ketone derivative would afford the 
symmetric carbinol product. Two reactions were performed, each reacting 1:1 o-LiDMA 
and tetramethylurea in THF (1 M solutions) for 24 h at 25°C. A sample of each was 
quenched with H2O and analyzed via GC/MS. In the first reaction, no products were 
found, only starting material. A second attempt at the reaction revealed no production of 
the expected products, but rather a small amount of very insignificant-yielding side 
products of which were inconclusive, and one larger product (about 40%) that was also 
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unidentifiable. No further attempts at this reaction were made. It was concluded that 
although this synthesis seemed practical in theory, it proved impossible in practice. None 
of the expected products were formed, although several irrelevant side products were 
produced in very small yields. It was assumed that either the starting materials or 
subsequent derivatives formed underwent decomposition or side reactions; therefore, no 
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desired products were afforded. This method proved unsuitable for the synthesis of any 
of the three products desired. 
2c. Reaction of Diethylcarbonate with o-LiA 
OMe O OMe O OMe n U o
 OH 
EtO OEt I OEt + 
O 
ester ketone carbinol 
Figure 42. Reaction of Diethylcarbonate with o-LiA. 
The reaction of o-LiA and diethylcarbonate was investigated as a potential 
synthetic route to the three different derivatives (Figure 42). A single substitution 
reaction of o-LiA would provide the ortho-ester derivative; double substitution of o-LiA 
would afford the ketone derivative; and addition to the aforementioned ketone derivative 
would yield the symmetric carbinol product. Various equivalents of diethylcarbonate 
relative to those of o-LiA were reacted to emphasize production of one of the three 
possible products. THF, glyme, and diglyme were used as solvents in these reactions. 
After 24 h, samples of the reaction were quenched with H2O and analyzed via GC and 
GC/MS. Solid products were also analyzed by *H and 13C NMR, elemental analysis, and 
mp analysis. Results are listed in Table 23 of the Experimental section. 
Initially, the formation of the ortho-ester derivative was desired. Because amide 
production had proven very difficult, an excess of diethylcarbonate was added to the 
reaction. Specifically, a 5:1 ratio of diethylcarbonate and o-LiA was reacted in THF 
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solvent (1 M solution) at 25°C for 24 h. A sample of the reaction was quenched with 
H 2 0 and analyzed by GC and GC/MS. The reaction afforded 31.7% ester product using 
o-LiA as the limiting reagent. The ketone derivative, however, was also afforded in 
54.2% yield, although no carbinol product was produced with these conditions. GC/MS 
data supported the production of the ester by providing an M+ of 180 and an m/z of 135 
(relative abundance 100%) reflecting the loss of an ethoxy group. Synthesis of the 
ketone derivative was also confirmed by GC/MS with an M" of 242, as well as an m/z of 
135 reflecting the loss of an anisole substituent. 
Some conclusions can be drawn from this data. First, the use of diethylcarbonate 
as an electrophile proved much more efficient than did tetramethylurea. No 
unanticipated side products were afforded, and the mono-substituted product was 
successfully synthesized in moderate yields. However, even with an extreme deficiency 
of nucleophile in the reaction, a significant percent of ketone product was afforded. It 
can be inferred that the mono-substituted ester product was a better electrophile than the 
carbonate; therefore, as ester product was formed, much of it was further substituted to 
afford the ketone derivative. However, the overall synthesis of an ortho-ester substituent 
by this method was not tremendously successful. 
Reactions with 1:3 ratios of diethylcarbonate and o-LiA were also performed in 
THF, glyme, or diglyme solvent (1 M solutions) to attempt a stoichiometric synthesis of 
the carbinol product. This same reaction using tetramethylurea as the electrophile proved 
unsuccessful; however, with the accomplishments of the previous reaction, it was thought 
that this electrophile might prove more productive than the tetramethylurea electrophile. 
The 1:3 reaction of diethylcarbonate and o-LiA in THF afforded 44.8% carbinol product 
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by isolated weight, while only affording 13.8% uncorrected GC yield of the ketone 
derivative. The ester product was not generated. The carbinol product precipitated from 
the reaction during workup procedures with water and hexanes. The off-white powder 
was recrystallized with ethanol, and the percent yield was determined by weight of the 
purified product. The identity of this product was confirmed by several analyses. 
GC/MS data gave an M+ of 350, as well as an m/z of 135 (100% relative abundance) 
reflecting the loss of two anisole substituents. 'H NMR analysis provided twelve 
aromatic hydrogens in two doublet signals at both 7.18 and 7.23 ppm, as well as nine 
methoxy hydrogens as a singlet signal at 3.50 ppm, and one broadened singlet signal for 
the alcohol hydrogen at 5.95 ppm. The hydrogen of the alcohol was shifted further 
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downfield than normal, suggesting significant intramolecular hydrogen-bonding. C 
NMR confirmed the identity of this material as well, providing eight signals overall, 
including six of which that were in the aromatic regions. Elemental analysis also 
supported the molecular structure proposed. 
Because the production of the carbinol derivative proved moderately successful in 
THF, the same reaction was repeated in both glyme and diglyme solvents to compare 
overall yields of the carbinol. Results compared to the reaction in THF media are 
depicted in Figure 43. The use of glyme as the reaction media improved the carbinol 
yield significantly to afford 66.0% isolated product. By switching to diglyme, an even 
more polar solvent, an even greater yield of 81.0% isolated carbinol was afforded. 
Diethylcarbonate reacted much better as an electrophile than did tetramethylurea, 
providing efficient synthesis of the carbinol derivative. These results emphasize the 
effect that changing media between the subsequent steps of DoM can provide beneficial 
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derivatization yields, but they also emphasize the differences in reactivity of two similar 
electrophiles to achieve efficient synthesis of a common product, the carbinol derivative. 
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Figure 43. Percent tris-(2-methoxyphenyl)-carbinol (by isolated weight) in various ether 
solvents from reactions of 1:3 diethylcarbonate: o-LiA at 25°C, 24 h. 
2d. Reaction of Excess Diethylcarbonate with o-LiDMA 
NMe, 0 1 EtO' OEt 
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Figure 44. Reaction of diethylcarbonate with o-LiDMA. 
Diethylcarbonate was reacted with o-LiDMA in various solvent systems (Figure 
44). Specifically, the reaction was run using a 10:1 ratio of diethylcarbonate and o-
LiDMA with the variation of cyclohexane, THF, and MTBE as solvent (1 M solutions). 
The reactions were run at 25°C for 4 h, followed by quenching of a reaction sample with 
deionized water before workup. Although the potential to synthesize the ester, ketone, 
and carbinol derivatives is still possible, the large excess of diethylcarbonate was added 
to selectively synthesize the ortho-ester derivative, therefore only ester product was 
analyzed in these systems. Uncorrected GC yields for these reactions, using o-LiDMA as 
the limiting reagent, are listed in Table 24 of the Experimental section. Percent GC 
yields are also summarized in Figure 45. 
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Figure 45. Percent ethyl-(o-dimethylamino)benzoate product (uncorrected GC yields) 
afforded in reactions of 10:1 diethylcarbonate and o-LiDMA in various solvents (1 M 
solutions) at 25°C, 4 h. 
The reaction of diethylcarbonate and o-LiDMA in cyclohexane was interesting in 
that it was run in the same solvent as the metalation step of DoM for the production of o-
LiDMA. This reaction afforded 36.7% uncorrected GC yield of the ortho-ester 
compound. When the solvent system was changed to MTBE under identical reaction 
119 
conditions, the extent of mono-substitution to afford ester product was increased to 
50.3% uncorrected GC yield. Switching to THF as the solvent, the reaction yield 
increased to 62.3% ester product, almost twice that for the reaction in cyclohexane. The 
identity of this product was consistent with the GC/MS data collected. It provided an M+ 
of 193, and an m/z of 164 reflecting the loss of an ethyl group. This data reflects the idea 
of a lack of connection between the metalation step and subsequent derivatization step of 
DoM to afford maximal yield of desired product. Also, an excess of diethylcarbonate 
was used to afford selective synthesis of the mono-substituted ester product. However, 
the highest-yielding reactions conditions still only afforded moderate yields of the ester 
product. Possibly glymes would further improve this reaction sequence, but this was not 
attempted. 
2d. Conclusion of Reactions with Tetramethylurea and Diethylcarbonate 
Several conclusions were drawn from this group of reactions. Reactions of 
tetramethylurea with o-LiA provided only modest yields of the disubstituted ketone 
derivative, while only small amounts of the amide derivative were produced. Increasing 
equivalents of o-LiA did not seem to improve the amount of ketone produced. It was 
interesting that the carbinol derivative was not realized from this reaction. Instead, the 
reaction was somewhat dirty, affording small yields of many unidentifiable side products. 
It was surmised that either side reactions were occurring in the system, or that the starting 
materials and/or products formed were decomposing. No attempts were made to identify 
these side products. The reaction of tetramethylurea with o-LiDMA was even more 
intriguing. None of the desired products were afforded in two attempts, however the 
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GC/MS spectra of this reaction was quite dirty as well, also producing several small 
amounts of unrecognizable side products, as well as about 40% of one unknown side 
product.97 No additional attempts to identify these undesired products were made. These 
reactions were concluded to be unsuccessful in the formation of any of the desired 
products. 
The reactions with diethylcarbonate were quite different. Attempts to afford 
mainly ester product via the reaction of diethylcarbonate and o-LiA (5:1) in THF solvent 
revealed rather low yields of the ester, while producing moderate yields of the ketone 
derivative. Reactions with 1:3 ratios of diethylcarbonate and o-LiA in THF, glyme, and 
diglyme solvents revealed a successful high yield synthesis of the carbinol derivative. 
Solvent effects were realized by an increase in the percent carbinol yield with the 
increase in polarity of the solvent. Reactions of diethylcarbonate with o-LiDMA (10:1) 
in order to selectively afford the mono-substituted ester derivative also provided this 
effect. As solvent increased in polarity from cyclohexane to MTBE and then to THF, so 
did the percent ester yields. Diethylcarbonate proved to be the better of the two 
electrophiles examined, affording only the expected products in either moderate or high 
yields. 
3. Biphenyl Synthesis 
There are a number of reactions available for the synthesis of biphenyl 
compounds. Some of the most common and historic of these were briefly overviewed in 
the Introduction, along with some examples of their many applications in various areas of 
science. Several different classes of biphenyls exist, including symmetric biphenyls, 
unsymmetric biphenyls, asymmetric biphenyls, and subclasses of these as well. Each 
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method of preparation offers its advantages and disadvantages, whether it be the 
conditions utilized, the reagents used, the number of steps in the synthesis, the amount of 
product afforded, the ease of isolation, the production of isomers, and so on. Because of 
the many applications of these derivatives, having a variety of methods available to 
optimize the synthesis of a specific biphenyl is convenient. Therefore, researching the 
role that DoM plays in the production of biphenyls increases the options available in the 
scientific community and further expands the overall knowledge of this method of 
synthesis. 
3a. Background 
The synthesis of biphenyls via Directed ort/zo-Metalation was designed as a one-
pot multistep process that consisted of four parts: (1) ort/zo-metalation of an arene 
possessing a DMG, (2) formation and (3) subsequent addition of a benzyne intermediate, 
and (4) reaction with an electrophile preceding workup of the completed synthesis. The 
metalation step (part 1) of DoM was in hydrocarbon solvent with the use of fractional 
amounts of catalysts to promote ortho-lithiation. The second step of DoM (parts 2-4) was 
studied in bulk ether solvents to afford maximal benzyne formation and subsequent 
derivatization. This reaction forms two covalent bonds in a one-pot synthesis. The 
proposed scheme for biphenyl derivatization via DoM is depicted in Figure 46. 
The reaction of an o-lithioarene with a chlorobenzene molecule should readily 
form the benzyne intermediate via an acid/base reaction. A second equivalent of the o-
lithioarene should add to the benzyne intermediate via nucleophilic addition, affording a 
substituted biphenyl intermediate. The survival of the anion at the 2'-position of the 
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biphenyl allows for further derivatization via the addition of an electrophile. Upon 
workup, a 2,2'-disubstituted unsymmetric biphenyl is produced via DoM in which two 
new covalent bonds have been formed. 
DMG CI 
Li 
or RLi 
DMG 
Li 
DMG 
+ LiCI 
DMG DMG 
CK/; 
Li 
Figure 46. Proposed Biphenyl Synthesis via DoM. 
This reaction is interesting in that the lithium originating from the alkyllithium 
base in the metalation step of DoM is transferred first to the ortho-anion of the metalated 
arene, and then it is subsequently transferred to the 2'-anion of the biphenyl compound 
generated. 
According to a common definition by Tietze:108 "a domino reaction is a process 
involving two or more bond-forming transformations which take place under the same 
reaction conditions without additional reagents and catalysts, and in which the 
subsequent reactions result as a consequence of the functionality formed in the previous 
step. " Because this one-pot multistep synthesis of a biphenyl via DoM undergoes 
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formation of two subsequent bonds as a consequence of previous functionalities formed 
(the biphenyl formation and 2'-lithiointermediate generation), it can be referred to as a 
domino (or "cascade") type reaction. However, to further derivatize this intermediate 
requires the sequential addition of reactant and perhaps solvent, therefore it cannot be 
termed a true domino reaction. Psuedo-domino reactions were later defined as "domino-
like reactions made up of sequential, yet mechanistically independent, catalytic cycles, 
each one involving a simple catalytic transformation. " m This definition refers to the use 
of transition metal-catalyzed transformations with no other types of domino-like reactions 
being defined. However, the biphenyl reaction proposed above, while it does not involve 
the use of transition metals as catalyst for reaction, does involve the use of catalytic 
promoters and solvents to effect the oligomeric structures of both the alkyllithiums of the 
metalation process as well as the oligomeric structures of the o-lithioarenes. Therefore, 
this reaction can be considered a subset of the psuedo-domino reactions. 
3b. Aryl-Aryl Bond Formation via o-LiA and o-LiDMA 
To further examine the theoretical synthetic route to 2,2'-disubstitued biphenyl 
compounds, both the o-LiA and o-LiDMA purified intermediates were reacted with 
chlorobenzene. Ideally, the stoichiometric ratio of reactants would be two equiv. of the 
o-lithioarene to one equiv. of chlorobenzene (Figure 47). The first equivalent of the o-
lithioarene would react as a base to abstract the acidic ortho-hydrogen of the 
chlorobenzene. Subsequent elimination of LiCl would afford the benzyne. This 
intermediate, which is as an electrophile, can be attacked by a second equivalent of the o-
lithioarene to afford the 2-DMG-2'-lithio- disubstituted biphenyl. By quenching the 2'-
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anion with several electrophiles, various 2,2'-disubstituted biphenyls can be prepared in a 
pseudo-domino sequence. 
OMe or NMe. CI OMe or NMe. '2 OMe or NMe. 6 •2 CITMS 2 + 
H or TMS 
Anisole or 
Dimethylaniline 
Figure 47. Reaction of o-lithioarene with chlorobenzene to produce the unsymmetric 
Synthesis of 2-methoxy-2,-TMS biphenyl 
Initial studies concentrated on aryl-aryl bond formation via o-LiA and 
chlorobenzene. Reactions were run at 25°C in 1 M solutions of various solvents for up to 
24 h, followed by quenching samples of the reaction with TMSC1 to afford 2-methoxy-
2'-TMS biphenyl. Several variables were studied in these reactions, including the order 
of addition, solvent effects, variations in equivalents of o-LiA, and the use of /-BuLi as an 
external base. Data of these reactions is listed in Table 25 of the Experimental section. 
Further dissection and explaination of this data follows. 
Background reactions of 1:0.5 o-LiA and chlorobenzene were run in cyclohexane 
solvent (1 M solutions) at 25°C. Samples were taken at 4 h and 24 h and quenched with 
TMSC1. Analysis of the samples was accomplished via GC and GC/MS, and uncorrected 
GC yields were reported with chlorobenzene (PhCl) serving as the limiting reagent. The 
percent yields of product did not change between the 4 h and 24 h points, therefore only 
the 4 h yields were reported. Data for these reactions is summarized in Table 28. 
biphenyl. 
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Table 28. 1:0.5 o-LiA: PhCl in cyclohexane (1 M solution) at 25°C, 4 h, 0.02 mol/equiv. 
% TMS 
product Order of addition 
22.9 PhCl added slowly 
28.0 PhCl added slowly 
28.1 PhCl added slowly 
7.5 o-LiA added slowly 
6.7* o-LiA/r-BuLi added slowly 
* 1.0:1.0:1.0 o-LiA: J-BuLi: PhCl, 0.01 mol/equiv. 
The results of the initial background runs reacting 1:0.5 o-LiA and PhCl in 
cyclohexane were modest. However, some conclusions can be made. The only variable 
present in the first four reactions is the order of addition used. In the first three entries of 
Table 28, PhCl is added drop-wise to a 1 M solution of the o-LiA in cyclohexane. The 
average TMS yields (uncorrected) for this order of addition is 26.3%. When the reaction 
was run by adding the slurried o-LiA intermediate slowly to a mixture of PhCl in 
cyclohexane, the yield was considerably lower, 7.6%. Therefore, it was concluded that 
the addition of PhCl slowly to the reaction mixture benefited the synthesis of the TMS-
derivative. One equivalent of /-BuLi was reacted with one equivalent o-LiA and one 
equivalent PhCl in the fifth entry of Table 28 to attempt the production of benzyne by use 
of an external base. This reaction was also run by addition of o-LiA and /-BuLi slowly to 
the PhCl/cyclohexane mixture. Again, a low TMS product yield was realized (6.7%) 
from this addition sequence. The identity of 2-methoxy-2'-TMS biphenyl product was 
supported by GC/MS data, providing an M+ 256, an m/z of 241 (M+-15), an m/z of 226 
(JVT-30), an m/z of 211 (M+-45), and an m/z 73 reflecting the TMS group. 
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The use of cyclohexane as media to afford benzyne formation via reaction of 
PhCl and either w-BuLi or /-BuLi has been studied by our group.110 Very little decay of 
chlorobenzene was noted in the n-BuLi system after 24 h, and no decay in the /-BuLi 
system after 24 h. However, for the rc-BuLi system in neat THF solvent, the decay of 
chlorobenzene was found to be very rapid. Therefore, while the reaction to synthesize 
this biphenyl was run in cyclohexane solvent, little product was expected, and little was 
produced. These reactions do, however, provide insight into the order of additions, as 
well as lend background studies for the use of other solvent systems. 
Reactions of o-LiA and PhCl in THF solvent (1 M solutions) at 25 °C for 4 h were 
also examined. Various equivalents of both o-LiA and PhCl were studied, along with the 
addition of various equivalents of r-BuLi in an attempt to separately promote benzyne 
formation. Uncorrected GC yields for the reactions are listed in Table 29. 
Table 29. Reactions of o-LiA and PhCl in THF (1 M solutions) for 4 h at 25°C. 
mol/equiv. Equiv. 
o-LiA 
Equiv. 
PhCl 
Equiv. 
f-BuLi 
% TMS 
product 
Reagent added slowly 
0.02 1.0 0.5 0 37.2 PhCl 
0.02 1.0 1.0 0 49.1 PhCl 
0.02 1.0 1.0 0 49.6 PhCl 
0.01 1.0 1.0 1.0 30.6 PhCl 
0.01 1.0 1.0 1.0 15.6 o-LiA/V-BuLi 
0.01 1.0 0.25 0.25 45.2 PhCl 
One equivalent o-LiA was reacted with a half of an equivalent PhCl in THF 
solvent for 4 h at 25°C, adding PhCl to the reaction dropwise. These reactions were 
studied as a direct comparison to the previous cyclohexane reactions. This reaction 
produced 37.2% uncorrected TMS biphenyl product. These results, compared to the 
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identical reactions run in cyclohexane, reveal a definite increase in product yield with the 
use of THF as solvent (about 10% increase in TMS product). This data suggests that to 
effectively increase yields of the derivatization step of DoM, a more polar solvent is 
needed. 
The second and third reactions listed in Table 29 were identical runs, reacting 1:1 
o-LiA and PhCl in THF at 25 °C for 4 h, adding PhCl dropwise into the solution. 
Therefore, o-LiA was used as the limiting reagent. The uncorrected TMS yields for these 
two reactions were very similar, averaging about 49.4% TMS biphenyl derivative. This 
data almost doubles the extent of derivatization afforded compared to the previous runs in 
cyclohexane. Also, by addition of excess PhCl, more of the TMS derivative is realized 
than with the previous stoichiometric amount of PhCl studied in THF solvent. 
To further investigate the effects of added /-BuLi in an attempt to provide more 
benzyne formation, three separate reactions were studied in THF solvent. The reaction of 
1.0 equiv. PhCl with both 1.0 equiv. o-LiA and 1.0 equiv. r-BuLi in THF (1 M solution) 
was performed, adding PhCl dropwise to the 1 M solution at 25°C for up to 4 h. A 
sample of the reaction was quenched with TMSC1, and GC analysis provided 30.6% 
uncorrected TMS yield of the biphenyl product (entry 4, Table 29). However, no benefit 
was gained by the addition of f-BuLi to the reaction to afford greater amounts of benzyne 
formation, as compared to the first entry in Table 29. 
When the same reaction was performed with the addition of the o-LiA//-BuLi to 
the PhCl/THF mixture, only 15.6% uncorrected TMS product was realized (entry 5, 
Table 29). Again, this order of addition proved to provide less 2-methoxy-2'-TMS 
biphenyl derivative. Due to the low yields of these reactions in general, it is important to 
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note that in all of these runs, both 2'-TMS and 2'-H derivatives were generated. Yet, not 
all of the % H yields were recorded early in this study. The % H yield was however 
recorded for this reaction, with a yield of 59.7% 2-methoxybiphenyl being observed. 
Although the 2'-lithio species did not entirely survive the reaction to afford the second 
derivatization with TMSC1, it is shown by these results that the /-BuLi proved effective in 
reacting with chlorobenzene in THF solvent to afford the benzyne intermediate. 
The last entry on Table 29 provides a deficiency of PhCl in the synthesis of the 2-
methoxy-2'-TMS biphenyl. Specifically, a reaction of 1:0.25:0.25 o-LiA: r-BuLi: PhCl 
was performed, adding PhCl dropwise, in THF solvent (1 M solution) at 25 °C for 4 h. 
Upon sample quenching with TMSC1, 45.2% uncorrected TMS product was afforded, 
with PhCl as the limiting reagent. These yields were higher than most, but afforded 
slightly less TMS product than did the reactions using excess PhCl. 
Due to the relatively low yields provided for this reaction in THF media, more 
reactions were performed to scope synthesis in other media. Initially, other ether solvents 
were studied as a comparison to THF (MTBE and glyme). Glyme was thought to provide 
a higher extent of derivatization, as it had proven beneficial in other reactions previously 
discussed. Also studied was the addition of incremental amounts of TMEDA as a 
catalyst in the production of the benzyne intermediate. This promoter was chosen based 
on previous data reported by our group.110 This data demonstrated a high extent of PhCl 
decay when reacted with n-BuLi in hydrocarbon solvents with incremental amounts of 
TMEDA added. The data supporting decomposition of PhCl by H-BuLi in THF proved 
beneficial to this system, therefore it was thought that TMEDA might benefit the system 
as well. Table 30 contains the results of these reactions. 
129 
Table 30. Reactions of o-LiA and PhCl in various media at 25 °C for 4 h. 
mol/ 
equiv. 
Solvent 
(Equiv. Promoter) 
Equiv. 
o-LiA 
Equiv. 
PhCl 
Equiv. 
/-BuLi 
% TMS 
product 
Reactant 
added slowly 
0.01 MTBE 1.0 1.0 1.0 15.8 o-LiA/r-BuLi 
0.01 glyme 1.0 0.5 0 38.7 PhCl 
0.02 (0.1 TMEDA)* 1.0 0.5 0 9.5 o-LiA 
0.02 (0.2 TMEDA)* 1.0 0.5 0 89.9 o-LiA 
0.01 (0.1 TMEDA) 1.0 0.25 0.25 87.4 PhCl 
* Equiv. TMEDA added to o-LiA followed by addition of this slurry to neat PhCl. 
The 1:1:1 reaction of o-LiA: /-BuLi: PhCl in MTBE solvent, with addition of o-
LiA and t-BuLi dropwise into the reaction, only afforded 15.8% uncorrected TMS 
product. This reaction, compared with the identical reaction in THF, afforded almost 
precisely the same amount of product. However, 24.4% H derivative was also afforded. 
It was concluded that no benefit was provided by the use of MTBE as a solvent. 
Glyme was also used as a solvent in a 1:0.5 reaction of o-LiA and PhCl. This 
reaction provided 38.7% uncorrected GC yield of the TMS derivative, along with 59.7% 
H derivative. Glyme was concluded to sufficiently provide benzyne intermediate, 
however the 2'-lithio biphenyl derivative did not successfully survive for subsequent 
derivatization via TMSC1. 
Three different reactions were performed using TMEDA as a promoter for the 
synthesis of the disubstituted biphenyl. The synthesis of 2-methoxy-2'-TMS biphenyl via 
1: 0.5: 0.1 equivalents o-LiA: PhCl: TMEDA at 25°C for 4 h, with the addition of o-LiA 
to the reaction, provided only 9.5% uncorrected GC yield (entry 3, Table 30). This was 
the lowest yielding reaction of all the biphenyl syntheses. When the same reaction was 
run, only using 0.2 equivalents of TMEDA to promote the reaction, the yield increased 
dramatically to 89.9% uncorrected TMS product (entry 4, Table 30). These results were 
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remarkable. By the addition of 0.1 equiv. more TMEDA than previously examined, the 
amount of product increased 9-fold. TMEDA was also examined in a 1: 0.25: 0.25: 0.1 
reaction of o-LiA: r-BuLi: PhCl: TMEDA at 25°C for 4 h, with the slow addition of 
PhCl. A similar reaction was run in THF (last entry, Table 29) using 1: 0.25: 0.25 o-LiA: 
r-BuLi: PhCl, resulting in slightly higher yields than reactions of 1:0.5 ratios o-LiA: 
PhCl. When this reaction was promoted with 0.1 equiv. TMEDA, 87.4% uncorrected 
TMS yield was afforded. Compared to the yields of this run in THF, the use of TMEDA 
proved superior, increasing the extent of TMS yield by about 40%. However, this 
reaction, when compared to the previous stoichiometric reaction of 1: 0.5 o-LiA: PhCl in 
0.2 equiv. of TMEDA, is twice as efficient in the use of o-LiA. Therefore, of the three 
reactions using TMEDA as promoter, the fourth entry on Table 30 proved most 
successful. 
It was concluded that cyclohexane was inefficient as a solvent for the formation 
of the biphenyl derivative via addition of a benzyne. This data correlated well with 
previous data found in our group demonstrating only a small amount of PhCl 
decomposition by «-BuLi in cyclohexane media. However, data from these initial 
background runs suggests that introducing PhCl dropwise into the reaction affords higher 
yields than does the reverse addition. THF proved to be a better solvent for the synthesis 
of this biphenyl, affording a maximal yield of about 50% when an excess of PhCl was 
used. MTBE and glyme provided no further benefit in TMS yields, however the used of 
fractional equivalents of TMEDA in the slurry provided the most successful reactions. 
Specifically, when stoichiometric amounts o-LiA and PhCl were reacted with 0.2 equiv. 
TMEDA, about 90% TMS product was afforded. This data is consistent with the 
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assumptions made as to the efficiency of this promoter in generating benzyne 
intermediate previously reported by our group.110 However, the synthesis of 2-methoxy-
2'-TMS biphenyl using these conditions was only recently realized, therefore no further 
development of this procedure can be made at this time. 
Synthesis of 2-dimethylamino-2'-TMS biphenyl 
Until recently, the most successful system investigated in the synthesis of 2-
methoxy-2'-TMS anisole was with the use of THF as solvent. Also realized was the 
effect that the order of addition of the reagents had on the overall product yields. In the 
reactions of PhCl with o-LiA, the dropwise addition of PhCl into a solution of o-LiA and 
solvent provided maximal extents of TMS-yields. However, one problem noted in these 
reactions was the generation of 2-methoxybiphenyl (2'-H) product as side product. For 
some reason the lithio species in these systems could not survive long enough to afford 
2'-TMS product. All of these things were taken into consideration when research of the 
dimethylamino derivative was examined. 
Due to the success of THF (in 1 M solutions) as a solvent system for studies 
involving o-LiA, it was the only solvent studied for reactions of o-LiDMA and PhCl. 
Also realized from the previous studies was the benefit provided by slow addition of 
PhCl into the reaction media. Due to this data, this was the only order of addition used in 
the synthesis of 2-dimethylamino-2'-TMS biphenyl. By holding both the solvent and 
order of addition constant in these reactions, other variables such a reactant ratios used, 
the effect provided by /-BuLi, and temperature were examined. Also, due to the 
production of H product as well as TMS product in the previous systems, the amount of 
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H product afforded was also recorded in these reactions. To try and suppress this 
product, as well as effect efficient production of the benzyne, the addition of variable 
amounts of /-BuLi were also examined. The data for these reactions is listed in Table 26 
of the Experimental section, and will be further discussed here. 
Initially, the effect of variable equivalents of o-LiDMA and PhCl was studied 
without the addition of an external base. Three different reactions were preformed in 
THF solvent (1 M solutions) at 25 °C for up to 24 h, with the dropwise addition of PhCl. 
The reactions consist of one in which stoichiometric amounts of each reactant were 
utilized, as well as reactions with either a deficiency or excess of PhCl. The time at 
which the highest extent of product was produced is given. Data for these reactions is 
summarized in Table 31. 
Table 31. Reactions of o-LiDMA and PhCl in THF (1 M solutions) at 25°C, PhCl added 
dropwise to o-LiDMA/THF solution. 
mol/equiv. Equiv. 
o-LiDMA Equiv. PhCl 
% TMS 
product 
% H 
product Time (h) 
0.03 1.0 0.5 84.5 0 4 
0.02 1.0 1.0 51.8 16.4 1 
0.01 1.0 0.25 84.1 0.0 4 
The reactions of various equivalents of o-LiDMA and PhCl in THF solvent at 
25°C, with the addition of PhCl dropwise into the reaction, provided some insight. 
Initially, a reaction of 1: 0.5 o-LiDMA: PhCl was run to compare the extent of TMS 
product afforded to an identical reaction using o-LiA. Upon quenching with TMSC1, 
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uncorrected GC analysis afforded 84.5% of the TMS derivative, with no H derivative 
being realized. Compared to the o-LiA: PhCl reaction in THF in which only 37.2% TMS 
derivative was afforded, this initial reaction with o-LiDMA proved quite successful. 
Perhaps the strength of the base used in the acid/base reaction to form the benzyne 
controls much of the extent TMS yields. o-LiDMA is a stronger base than is o-LiA, 
therefore it may be more reactive in this chemistry. The identity of the 2-dimethylamino-
2'-TMS biphenyl derivative was confirmed by GC/MS analysis. The spectra for this 
compound provided an M+ of 269, as well as an m/z of 224 (M+-45) reflecting the loss of 
three methyl groups, and an m/z of 196 (M+-73) correlated with the loss of TMS. 
The reaction of 1:1 o-LiDMA and PhCl in THF at 25 °C provided an excess 
amount of PhCl, therefore o-LiDMA was the limiting reagent. This reaction afforded 
51.8% uncorrected GC yield of the TMS derivative, as well as 16.4% H derivative. This 
synthesis was less successful than the previous reaction in which product yield was high 
(about 85%) and no H product was realized. This data suggests that the source of the 
acidic hydrogen in these reactions could perhaps be from the PhCl, due to the excess 
amount used in this reaction. It was concluded that this system proved to be less efficient 
for the synthesis of the disubstituted biphenyl. 
A deficiency of PhCl in the reaction with o-LiDMA was also performed. 
Specifically, 1.0 equiv. o-LiDMA was reacted with 0.25 equiv. PhCl in THF at 25°C, 
adding the PhCl dropwise into the reaction. A sample of the reaction was quenched with 
TMSC1 to afford 84.1% uncorrected GC yield of the TMS product, using PhCl as the 
limiting reagent. No H product was produced. This data once again suggests that the 
source of the acidic H in these systems is the PhCl; with a limited amount of the PhCl in 
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this reaction, the entire lithium product survived throughout the synthesis to afford only 
TMS derivative. Although this reaction was equally as successful as the first (entry 1, 
Table 31), it was concluded that the reaction of 1: 0.5 o-LiDMA: PhCl in THF was the 
most efficient of the three due to the fact that no excess reagents were used while 
affording maximal yields. 
Also studied was the effect, if any, the addition of up to a full equivalent of /-BuLi 
had on the overall yields of the synthesis of 2-dimethylamino-2'-TMS biphenyl. Many 
different reactions were run, however most of them proved less successful than the 
aforementioned reaction. A summary of reactions of o-LiDMA, /-BuLi, and PhCl in 
THF (1 M solutions) at 25 °C, adding PhCl dropwise to each reaction, is provided in 
Table 32. These reactions were run up to 24 h, however the time at which maximum 
product was afforded is listed. 
Of these reactions in Table 32, only the reactions of 1: 0.5: 0.5 o-LiDMA: /-BuLi: 
PhCl in THF proved to be most beneficial, averaging at 83.2% 2'-TMS product. The 
other reactions listed either afforded low yields of product or on average showed extreme 
variation in the amount of product formed. Of all of the reactions listed, however, none 
prove as successful as the synthesis of the TMS product via 1: 0.5 o-LiDMA: PhCl in 
THF at 25°C previously discussed. 
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Table 32. Reactions of various equivalents of o-LiDMA: /-BuLi: PhCl in THF (1 M 
solutions) at 25°C, PhCl added dropwise to solutions of o-LiDMA/f-BuLi/THF. 
Equiv. 
o-LiDMA 
Equiv. 
f-BuLi 
Equiv. 
PhCl 
% TMS 
product 
% H 
product 
Time (h) 
1.0 0.25 0.25 69.3 23.1 4 
1.0 0.25 0.5 100.0 0 17 
1.0 0.25 0.5 58.4 0 22 
1.0 0.5 0.25 64.5 0 4 
1.0 0.5 0.25 47.0 0 4 
1.0 0.5 0.25 46.3 50.4 4 
1.0 0.5 0.25 75.3 15.1 22 
1.0 0.5 0.5 98.5 0.0 4 
1.0 0.5 0.5 80.6 0.0 22 
1.0 0.5 0.5 70.6 0.0 17 
1.0 1.0 1.0 10.8 0.0 4 
The final variation in the scoping reactions to synthesis 2-dimethylamino-2'-TMS 
biphenyl involved the effect of temperature on extent of TMS product. Reactions at 25 °C 
have already extensively been studied, therefore reactions at both 60°C and 0°C were run 
in comparison to those previously examined. Table 33 summarizes the conditions and 
percents uncorrected GC data for the TMS and H products. Reactions were run up to 24 
h, with the time of maxium yield of TMS product listed. 
Table 33. Reactions of various ratios of o-LiDMA: f-BuLi: PhCl at various temperatures 
in THF (1 M solutions), 0.01 mol/equiv. 
Temp. 
(°C) 
Equiv. 
o-LiDMA 
Equiv. 
PhCl 
Equiv. 
f-BuLi 
% TMS (H) 
product 
Time 
(h) 
60 1.0 0.5 0.5 70.2 (29.8) 4 
60 1.0 0.5 0.25 56.8 (32.8) 4 
0 1.0 0.5 0.5 40.0 (25.7) 17 
0 1.0 0.25 0.5 40.6 (39.3) 17 
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The various reactions at both 60°C and 0°C proved unsuccessful compared to the 
synthesis of the TMS product via 1: 0.5 o-LiDMA: PhCl in THF at 25°C. Runs at 60°C 
provided moderate TMS derivative yields, however they also provide a moderate amount 
of the H derivative as well. Reactions at 0°C provided both poor yields of TMS product 
and moderate yields of the H derivative as well. No additional studies of temperature 
variations were performed, and it was concluded that these systems afforded no benefit 
towards the synthesis of the disubstituted biphenyl derivative. 
3c. Conclusions 
The reaction of o-LiDMA with PhCl in THF solvent proved to be much more 
successful than that of o-LiA. The percent TMS biphenyl derivative produced was higher 
in the o-LiDMA systems than in the o-LiA reactions. This difference in yield may be 
attributed to the different basicities of the two systems. o-LiDMA is considered to be the 
stronger, more reactive base of the two; therefore, its ability to effect benzyne formation 
(via an acid/base reaction) may prove more effective than with o-LiA. 
Also demonstrated were the various solvent effects for the reaction of o-LiA and 
PhCl. Reactions performed in cyclohexane gave very poor yields, while reactions in 
THF provided moderate amounts of the TMS biphenyl derivative. Recent studies of the 
reaction of o-LiA and PhCl promoted by incremental amounts of TMEDA afforded very 
high yields of the TMS derivative, about twice those afforded in systems of bulk THF 
solvent. This effect was explained by previous results in our group that demonstrate 
successful decomposition of PhCl by «-BuLi promoted by fractional equivalents of 
TMEDA in hydrocarbon solvent. Again, the ability to quickly and efficiently generate 
the benzyne intermediate seemed to dictate relative success of the reaction. 
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4. Derivatives of the 2-dimethylamino-2'-lithiobiphenyl 
Although regioselective functionalizations of various substituted arenes have been 
realized in the literature,111,112 this type of psuedo domino reaction has, to our knowledge, 
not been realized. So while forming aryl-aryl bonds via the addition of o-lithioarenes to 
benzyne intermediates is somewhat known, subsequent derivation of these products 
afforded by the retention of the lithio-species is a quite simple yet very novel approach to 
synthesis of 2,2'-disubstituted unsymmetric biphenyl derivatives. As discussed in the 
Introduction, there are many of uses for these types of compounds, but recently synthesis 
of biphenyl derivatives has become of interest in the design of ligands for transition metal 
catalysts. Numerous different types of substituted biaryl ligands have been reported in 
the literature, a number far to vast to cover in this thesis. 
While much of the focus for the synthesis of disubstituted biphenyls was placed 
on the scoping of several reaction variations, little research was actually focused on 
subsequent functionalization with a variety of electrophiles, other than TMSC1, to afford 
various disubstituted biphenyls. Therefore, the synthesis of two different compounds via 
reaction of the 2-dimethylamino-2'-lithiobiphenyl with common electrophiles was 
accomplished to provide evidence for the synthetic utility of this reaction. 
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4a. Diphenylcarbinol derivative 
NMe. O NMe, 2 1) 24 h 
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Figure 48. Preparation of 2-diemethylamino-2'-diphenylhydroxymethylbiphenyl. 
The overall reaction for the synthesis of 2-diemethylamino-2'-
diphenylhydroxymethylbiphenyl is depicted in Figure 48. 2-dimethylamino-2'-
lithiobiphenyl was prepared using the same reaction method described for the first entry 
of Table 31. Specifically, 0.5 equiv. PhCl was added to a nitrogen-flushed flask 
containing 1 equiv. 2 M90 o-LiDMA and 15 mL THF. After 4 h of reaction time at 25°C, 
a 1 mL sample was quenched with TMSC1 and analyzed by GC and GC/MS to afford 
84.5% 2-dimethylamino-2'-TMS-biphenyl. One-fourth of the slurry of this 2'-
lithiointermediate was reacted for 24 h with an equal molar quantity of benzophenone 
dissolved in cyclohexane. The reaction was quenched with deionized water, affording a 
white crystalline product precipitated from the solution. The solution was filtered, and 
the crude yield was determined to be 62.6%. The crystals were recrystallized from 
toluene. The yield of the pure product was determined to be 50.1%. 
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Both 'H and 1JC NMR spectra were obtained, as were elemental analysis and 
GC/MS data, each confirming the identity of the assigned product. GC/MS data provided 
an M+ of 379, as well as an m/z of 302 (M+-77) reflecting the loss of a benzene 
substituent. *H NMR spectra provided several aromatic hydrogen signals between 6.5 
ppm and 7.55 ppm, and integration of these signals afforded 18 aromatic hydrogens. A 
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singlet at 2.55 ppm, integrated to 6 hydrogens, confirmed the presence of the 
dimethylamino group. The alcohol hydrogen was shifted very far downfield as a broad 
singlet at 8.6 ppm. Due to the drastic shift of this hydrogen, excess D 20 solvent was 
added to the sample and the subsequent spectra produced an exact replica of the original 
'H NMR spectra, except that the 8.6 ppm signal was absent. It is assumed that due to the 
proximity of the dimethylamino group, the hydrogen of the carbinol group may perhaps 
intramolecularly associate with the nitrogen atom of this group, therefore experiencing a 
significant deshielding effect. 13C NMR provided 18 different carbon signals as well. 
Finally, elemental analysis also verified the identity assignment of this compound. 
4b. Diphenylphosphine derivative 
Asymmetric catalytic hydrogenation is one of the most studied asymmetric 
reactions, partially due to the fact that it is the basis for the first commercialized 
asymmetric catalytic process (Monsanto's L-DOPA synthesis). Also to be mentioned is 
its utility for the synthesis of many chiral pharmaceutical intermediates as well as 
agrochemicals. Wilkinson's catalyst, RhCl(PPh3), which catalyzes hydrogenation of 
simple olefins, was reported in 1965. Soon thereafter, it was realized that by replacing 
PPh3 by chiral P ligands, asymmetric hydrogenations could be realized.113 Now, a wide 
range of these novel phosphine ligands are available through chemical companies such as 
Aldrich R&D and Strem, as popularity of these ligands has grown. 
Among the many ligands available for purchase are the Buchwald® catalysts. 
Although commonly used, the cost of these phosphine ligands is pricey. It is assumed 
that by simplifying the synthetic pathway of some of these ligands, as well as affording 
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significant product yields, not only would the price of these ligands decrease, but it would 
prove relatively simple and inexpensive to quickly synthesize these ligands as needed. 
mmo C l NMe, / N M e 2 I 1) 4h / 2
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Figure 49. Preparation of 2-(diphenylphosphino)-2'-(Ar,Af-dimethylamino)biphenyl. 
One popular Buchwald® catalyst is 2-(diphenylphosphino)-2'-(Ar,AL 
dimethylamino)biphenyl. It was proposed that this compound could easily be made via 
the reaction of 2-dimethylamino-2'-lithiobiphenyl and chlorodiphenylphosphine (Figure 
49). 2-dimethylamino-2'-lithiobiphenyl was prepared via the reaction of 0.5 equiv. PhCl 
with 1.0 equiv. 2 M90 o-LiDMA in cyclohexane and 15 mL glyme for 4 h at 25°C. A 
1 mL sample was quenched with TMSC1 and analyzed by GC to afford 23.1% 2-
dimethylamino-2'-TMS biphenyl (uncorrected), and a 76.9% H product. Although the 
reaction was not entirely successful, a portion of the reaction was quenched with an 
equivalent molar amount of chlorodiphenylphosphine for 4 h. The reaction was worked 
up with deionized water and hexanes. A white powder precipitated from the solution. 
After filtration, 28.4% of the crude product was afforded by weight. Therefore, roughly 
all of the 2-dimethylamino-2'-lithiobiphenyl was converted to the phosphine derivative, 
considering the initial reaction to form the biphenyl derivative provided a poor TMS 
yield prior to addition of the phosphine. The product was washed with cyclohexane to 
dissolve the impurities then dried. Both and 13C NMR spectra were obtained. 13C 
141 
NMR provided verification of this product's identity with the presence of 17 different 
carbon signals, 16 of which were aromatic carbon signals. 
The production of this ligand is just one example of the many different phosphine 
derivatives that could be synthesized by this route. With the substitution of different o-
lithioarenes in the psuedo-domino reaction, or the use of different phosphine electrophiles 
used to quench the reaction, a wide variety of catalysts could be made in a relatively short 
synthesis. 
5. Scoping Reactions for Biphenyl Derivatives 
Various other o-lithioarene substrates, previously described in Part D of this 
section, were reacted with PhCl using variable conditions in order to produce a wide 
variety of other biphenyl derivatives via DoM processes. The o-lithioarenes studied were 
o-lithiodimethylbenzylamine (o-LiDMBA), 2-lithio-l,3-dimethyoxybenzene (2-Li-1,3-
DMB), 2-lithio-l,4-dimethoxybenzene (2-Li-1,4-DMB), and o-lithio-/?-chloroanisole (o-
Li-p-ClA). PhCl was added slowly to these reactions. Results of these various product 
yields are listed in Table 27 of the Experimental section. For some reactions, the addition 
of t-BuLi was also used. Either cyclohexane or THF was used as the solvents for the 
various syntheses, and reactions were run at either 25°C or 60°C for 4 h. Aliquots of the 
reactions were quenched with H2O to afford only the H derivative of each substituted 
biphenyl. Further discussion of these reactions is provided. 
Two separate reactions were run with o-LiDMBA and PhCl in THF solvent. The 
first reaction performed used 1: 0.5 equiv. of o-LiDMBA and PhCl, reacted at 25°C for 4 
h to afford 68.0% uncorrected 2-dimethylbenzylaminobiphenyl product. This reaction 
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was analyzed via GC/MS analysis, confirming the identity of this product by an M+ of 
211, an m/z of 196 (M+-15), and an m/z of 134 (DMBA). When 0.5 equiv. /-BuLi was 
added to the reaction and the temperature was raised to 60°C, the reaction produced a 
higher yield of this product (76.1%). 
2-Li-1,3-DMB was also utilized. Initial studies of 1: 0.5 equiv. 2-Li-l,3-DMB: 
PhCl were reacted in THF (1 M solution) at 25°C for 4 h. Upon workup, GC analysis 
revealed 63.8% uncorrected yield of the 2,6-dimethoxybiphenyl. Identity of this product 
was confirmed via GC/MS analysis, affording an M+ of 214. This lithiointermediate was 
also reacted 1:1 with PhCl at 25°C in both cyclohexane and THF solvents. GC analysis 
of the THF reaction afforded 68.4% uncorrected biphenyl derivative, whereas data for the 
reaction in cyclohexane provided only 3.3% product. This data supports the theory that 
by changing the media for the derivatization step of DoM, maximum product yield may 
be realized. Also, excess PhCl used in the second reaction provided no major 
enhancement in product yield. 
One reaction of 2-Li-1,4-DMB was run wherein this substrate was treated with 
PhCl in stoichiometric amounts at 25°C to afford 73.5% of 2,5-dimethoxybiphenyl. This 
yield is slightly higher than that achieved for the 2-Li-1,3-DMB system under identical 
conditions. Perhaps the 2-Li-1,3-DMB substrate provided slightly more steric hindrance, 
impeding the addition of this intermediate to the benzyne. This product was analyzed via 
GC/MS, affording an M+ of 214. 
The stoichiometric reaction of o-Li-p-CIA with PhCl in THF solvent (1 M 
solution) was also run at 25 °C for 4 h. Unlike the other substrates studied, these 
conditions provided formation of little product. However, it was later realized that the 
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o-Li-p-CIA intermediate may have been significantly lower in purity than initially 
realized. This formation of this product was identified via GC/MS spectra, affording an 
M+ of 218. 
The main purpose of these scoping reactions was not to discover ideal reaction 
conditions to afford maximum yields of these products. This data was only given to 
demonstrate the wide variety of derivatizations available through the synthesis of 
biphenyls via DoM. By applying variable conditions, perhaps maximal yields of the 2'-
lithiobiphenyl can be realized. Reaction of these intermediates with a variety of 
electrophiles promises to make conveniently accessible numerous biphenyl derivatives. 
F. Conclusions 
The process of C-C bond formation via Directed ort/zo-Metalation (DoM) consists 
of two separate steps. Utilizing fractional equivalents of TMEDA in hydrocarbon 
solvents at 60°C, o-lithiation of anisole and dimethylaniline were be effected in >95% 
purities. The first step in the DoM process involved preparation of solid samples of these 
o-lithiointermediates. Completing the sequence, the second step concerned formation of 
a new arene-derivative bond at the reactive site. For this thesis the arene-derivative bond 
formed was to carbon. Various carbon electrophiles were studied using different solvent 
systems, and results revealed a lack of connection between the reaction medium for the 
formation of the o-lithiointermediate and the medium for its subsequent derivatization. 
Simple additions to several ketones produced a wide variety of results when solvated in 
cyclohexane, THF, glyme, or diglyme. The use of CsF has provided questionable 
assistance to certain addition reactions. Product distribution variations were seen in 
reactions of the o-lithioarenes with tetramethylurea and diethylcarbonate. Unsymmetric 
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biphenyl derivatives were also produced via reaction of a benzyne intermediate with the 
o-lithioarenes. Derivatization of the unsymmetric biphenyls afforded both a 
diphenylcarbinol derivative as well as a useful Buchwald catalyst made by this 
procedure. It was the use of pure o-lithioarenes that permitted control of the solvent in 
various derivatization steps, therefore permitting further understanding and manipulation 
of the reaction conditions. 
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